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INVESTIGATION OF THE PATENCY OP PERIPHERAL 

ARTERIES* 


P. FoRJirjNE, M.D. 
AlISTEltDAil, HolL-VKD 


ARTERLVL. PALPATION' 


O NE of the most important methods for the study of peripheral vas- 
cular diseases is the palpation of the arteries of the extremities.! 
In the arm the brachial, radial and ulnar arteries are easily palpable; 
in the leg the femoral, posterior tibial, and dorsal pedal arteries usually 
can be palpated without difficulty. The palpation of the popliteal 
artery is more difficult; pulsations maj'’ not be felt in this artery even 
when the arteries of the feet show normal pulsations. It is a widely 
accepted opinion that absence of pulsation in these arteries does not oc- 
cur in normal individuals, or at least occurs very rarely. This opinion 
is not whollj^ justified by a study of the literature. Only a small num- 
ber of investigations has been published, and there is no agreement 
on this important question. 

Erb investigated clinically 381 persons without manifest arterial dis- 
ease. He found absence of pulsation in both the posterior tibial arteries 
in 2 cases; absence of pulsations in the posterior tibial and dorsalis 
pedis arteries of one foot in two cases. Absence of pulsation in one or 
more arteries of the feet was therefore found only in 1 per cent of the 
control cases. Goldflamm investigated 200 persons, bufnot clinically. 
He found absence of pulsation in the arteries of the feet in 5 per cent 
of his cases. Buerger found in 200 persons normal pulsation in the 
dorsal pedal arteries in all but one case (0.5 per cent) ; the condition 
of the posterior tibial arteries is not mentioned in this series. 

The agreement between these authors is satisfactory. The results 


♦From the Internal Clinic, University of Amsterdam, Wilhelminagastliuis. 

tThe expression "palpation of arteries" is used hereafter instead of the more cor- 
rect expression "palpation of the pulsations in arteries." “ o': n’e moie cor- 


1 


THE AIMERICAN HEART JOURNAL 


O 

i-i 


obtained by Scbneyer showed a fundamental difference. A clinical 
investigation of 500 persons showed absence of pulsation in males in 
17 per cent; in females in 29 per cent. It is difficult to give an explana- 
tion of this divergence of re.snlts. It may be dependent upon differences 
in the ability to palpate still existing after a long experience with this 
method. 

It is highly desirable to have this problem elucidated by the coopera- 
tion of many investigators. The need of an objective method for the 
control of the palpation is licrcby emphasized. The scope of the present 
investigation was the study of this problem. 

OSCILLATIONS 

When blood pressure is measured with the instrument of Riva Rocci, 
oscillations are visible between sy.stolie and diastolic pressure. These 



Hig. 1. — Photographic registration of oscillations of the left middle finger with a 
capsule of Gaertner (see Fig. 2). The oscillograph is suspended in the light beam 
of a Cambridge electrocardiograph. The capsule in inflated at a pressure of 70 mm. 
of mercury with the instrument of Pachon. 


oscillations can be studied visually, or registered with an oscillograph 
on smoked paper or a photographic film. In the present investigation 
an oscillograph of Boulitte, susiiended in the light beam of an electro- 
cardiograph, was used (Fig. 1). 

It was found necessary to obtain the oscillations of the most distal 
parts of the extremities. The dorsum of the foot was covered vdth a 
small cuff which was fastened around the foot >vith leather straps. 
When the cuff was connected with the oscillograph, distinct oscillations 
appeared. 

It was soon apparent that these oscillations were not exclusively from 
the dorsum of the foot, but also- in a small measure from the plantar 
side. Evidently the systolic expansion was transmitted by the leather 
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.straps to Die eufi’. AVlien the cuff ^vas fastened on the plantar .side again, 
the osciIlation.s wre ])re<loniinan11y but. not cxclu.sivoly from this .side. 
On the liand.s no good results were obtained with this small cuff. After 
tx’ying different methods the be.st re.sults were given by the capsules of 
Oaertner (Fig. 2). They consist of a Imllow metal cone, which is cov- 
ered with a loo.se rubber membrane on the inside. This is lastcncd at the 
hordcJ-s of the cone. On one place the cone is jiierced and connected 
with a small metal tuhe. When the capsule is ajiidied around the finger 
and the cufi’ inflated tlirough the metal lube, the siiaee between cone 
and membrane is filled with air and the membrane is prc.s.sed against 
the finger. If the capsule is connected with the oscillograph, small os- 



M>:. 2.. — .‘'•■ctlon throupli of Giiortiior. Tlio iiie.n.^urcmnnt.*; arc tlio>iC of a 

coainionly u«ci] model, of din’<-rcnt sizc.« .are ii.>-e(l. acconlinir to the diameter 

of the IhiKcr. 

cilhitioiis from the fingei-s can be registered. In the same nninner os- 
cilhitions from the arteries of the big toes can be taken with an oval 
cone. 


nirrnn.Mi.vATiox or rni; so-CALua> ocornr ni.oon I'HivssmtK nv the 

Mirrnoit of OAian xiat 

The cajistilcs of <?aertner. as described above, were originaliv used 
Jor the determination of th<‘ blood pre.'^surc in a fiiigm-. The finger was 
made anemic by imshing a narrow rubber ring from the end of the 
huger to Die ba.vc. Then the capsule was placed over the middle phalanx 
ami mtlate.l above sy.stoiic prc.vsure. After the nibiier ring was cut. Du; 
blond filled the fiun.o- up to ihe capsule. Then the pressure in the 
capsule uas diminidieil slowly. A? a er-riain pressure iheiv was a 
sudden filling of the fingm- tip with Jilood. At this instant the blood 
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pressure in the finger was just able to overcome tlie pressure in the 
capsule. This pressure was assumed to be the systolic pressure in the 
finger (Fig. 3). 

This method is no longer used for its original purpose, that of de- 
termination of the general blood pressure. Changes in the condition of 
the finger arteries do not allow constant re.sulls. Nevertheless this 



Fig. 3. — ^Determination of occult blood-pressure with the method of Gaertner. 

First phase: A rubber ring Is pushed over the third right finger from the end to 
the base. 

Second phase: A capsule of Gaertner, connected "with a manometer is placed over 
the middle phalanx and Inflated to a pressure of 150 mm. of mercury. 

Third phase: The rubber ring is cut. After this the pressure is diminished sloTvly. 

Fourth phase: At a pressure of 80 mm. of mercury there is a sudden filling of 
the finger with blood. 


method, in the procedure called determination of occult blood pressure, 
is very useful in the study of arterial diseases. It is the only practical 
method of blood pressure determination independent of the pulsatory 
phenomena. 


pobmi.tnb: patency op peripiierae arteries 


It is quite possible, uudev certain eircuiustanccs that the change from 
a pulsating blood stream to a continuous stream does not take place, 
as is usually the case, in the arterioles and capillaries, but in the main 
arteries. 

This possibility was first clearly formulated by h. Bard; lie found in 
a patient with stenosis of the subclavian artery no pulsations on the 
left side, while the fingers showed a normal occult blood pressure. He 
assumed that the stenosis of the subclavian artery had aboli.shed the 
oscillations, without changing the blood ])rcssin’e. This combination 
must be considered a rare one. The occurrence of a continuous blood 
stream is often seen in some diseases, esjiceially arterial embolism, but 
in most cases there is very marked lowering of the occult prc.ssure. 

The occult blood ])ressure also can be determined at higher levels 
(ankle, wrist, etc.). In this ca.se the extremity is made anemic by eleva- 
tion and application of a rubber bandage. I’he cufl! is then fastened 
around the limb at the level of delcnnination, and inflated above sy.stolic 
pressure. The bandage is removed, the limb }>laccd horizontally, and 
the pre.ssurc in the cuff is gradually dimini.shed until filliiig of the distal 
parts is to be seen. It is not always ])o.ssiblc to make an accurate de- 
termination, c.sj)ccially in patients with slow circulation, or with ir- 
regularities of the pulse (for instance auricular fibrillation). In these 
cases only approximative, values can be obtained. 


COMPRIiSSlON METHOD 


Normal persons always showed oscillations in most, lingers. Sometimes 
the oscillations were very small or .absent in one finger (usually the 
fifth). These oscillations are derived from the main arteries of the 
hand, especially the radial and the \ilnar arteiy. The relative sig- 
nificance of these arteries can be found by alternative compression of 
each of them. 

When one of these arteries is closed by an obstructive arterial dis- 
ease, compression of the other artery will abolish the oscillations in 
all fingers. 


The principle of this method Avas fir.st used by Allen : When the fist 
is clinched and the radial artery compressed, there is no filling on 
opening the hand Avhen the ulnar artery is closed. Only an approxima- 
tion can be given by this method. 

The results of arteri.al compression can be demonstrated most con- 
veniently in some patients Avith unilatci-al arterial obstruction. 


l^eem.so of ivl.iteness 

rr demonstrated absence of pulsation of the 

right ulnar and left dorsal pedal artery. Hereupon the arteries iverc studied Avilh the 
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sure of 60 mm. of mercury. Pirst the radial artery was compressed j after that 
the ulnar artery. At last radial and ulnar arteries were both compressed at the same 
time (Fig. 4). 

On- iho left hand there wan iio -marked change i». the oscillations when cither the 
7 -adial or the ulnar artery was closed. During compression of both arteries the oscil- 
lations disappeared entirely in all fingers. 

On the right hand there was eoinplete disappearance of the oscillations in all 



Fig. 4. — Case 1. June IS, 1932. Compression curves of all fingers of the right 
and left hand. 

R = Period of compression of the radial artery. 

U = Period of compression of the ulnar arterj-. 

U -4- R = Period of compression of the ulnar artery and radial artery. 

_ Compression of the radial artei-y causes a complete disappearance of oscillations 
in all fingers of the right hand. Occlusion of the right ulnar arteiY is demonstrated. 


fingers when the radial artery alone 7vas compressed. Compression of the ulnar 
artery had no eff ect. The conclusion was that at this pressure the oscillations of the 
fingers came only from the radial artery. 

It is possible that oscillations coming from the ulnar artery rvere present at 
lower pressures in the capsule. This possibility could be excluded by compression of 
the radial artery at different pressures (from 80 mm. to 10 mm. of mercury) . Always 
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there ^vas complete (lisappcaranco of OHclllationa when the raaial artery was closed. 
Phrnlly the existence of a continuous blood slrenm through the ulnar arterj ^sas 


Taui.e I 


SPON'T. OCCUI-T 
rUESSUtlE 


K. second finger 
R. fourth finger 

L. second finger 
L. fourth finger 


70* 


OCCUIiT 1’ltE.SS. 
DUniKO COMPit. 
RADIAr. AUT. 


•10 
8 .') 

00 

90 

SPON’T. OCCin.T 
PUKSRUKF. 


0 

0 

65 

100 


SPONT. OCCUI.T 
PKKSSUKE 


OCCULT I’RES.S. 
DUUINO COMPR. 
ULNAR ART. 


SO 

li) 

95 

90 

60 

•10 

100 

90 


R. second finger 

R. fourth finger 

L. second finger 00 

L;- fourth finger 100 

•Value after rcuotitloii of the (lotcriiiliiatlou (.«eo tc.\l). 



Fig. 5. — Shock method. 

First phase: The arm is made anemic ivitli a rubber bandage. 

Second phase: A cuff is applied over the upper nrm ami Inilated to a pro.s.siire of 
200 mm. of mercury. TIio rubber bandage is taken off. 

Third phase : Tlic cuff is .suddenly deflated during compression of the radial ar- 
terj'. The blood streams in tiie lower nrm and tlirough tlio ulnar artery slowly in 
the hand. The ulnar nrteiy is patent to some degree. 

considered. For this investigation tlie influence of the arterial compression on tlie 
occult blood pressure was defennined as described above. Refore and after every 
determination witli arterial compression the spontaneous occult pressure was deter- 
mined to avoid errors by variations in the pre.ssuro during tlic investigation. The 
results obtained in the second and fourth fingers of both hands arc given in Table 1. 

Table I shows that in the left liatid compression of one artery (radial or tilnar) 
caused no, or only a small, lowering of the occult blood pressure. The low value 
that was found in tlie first dctcrinination in the left and right second finger probably 
was caused by a contraction of the finger arteries (this very low value for the occult 
pressure in the first determination was seen also in other cases). On the right 
hand, compression of the radial artery caused a fall of the occult pressure to zero! 
So it was proved that the blood stream in the fingers of this hand came almost totally 
from the radial artery. But with another method, which subsequently is called shock 
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method, there could be demonstrated a slight permeability of the ulnar artery (h^ig. 
5). The arm vas made anemic by elevation and bandaging, and the circulation 
was cut off by inflation of a cuff around the upper arm. If the circulation was sud- 
denly released, there was a sudden filling of the right and left arm and hands. 
When this experiment was repeated with the radial artery compressed, there was 
a fast filling of the hand on the left side through the open ulnar artery. On 
the right side there was a sudden filling of the lower arm up to the wrist. In the 
hand there was a very slow but progressive redness on the ulnar side and gradual 
filling of the hand and the finger. When the same experiment was repeated during 
compression of both the radial and the ulnar arter}-, there was no filling of the hand 
at the right or left side. 

From these experiments the conclusion was clra^^^l tliat there was 
still some degree of patency of the ulnar artery. 

In the same manner the feet of this patient were investigated, and 
an almost total occlusion of the left dorsal pedal artery could be dem- 
onstrated. 

A diagnosis of incipient thrombo-angiitis obliterans was made. 

Case 2. — A. K., a man aged fifty-three years, entered the ward with a diagnosis of 
luetic aortitis. During physical examination it was found that the left radial artery 
showed only very small pulsations, while the right radial artery pulsated normally. 
The pulsations of the left ulnar artery were somewhat smaller than the pulsations of 
the right. The arterial tension on the left upper arm was 90-55, on the right upper 
arm 110-55. This small difference did not explain the pulsus differens. The com- 
pression method was used for distinguishing between a real pulsus differens and a 
pseudo pulsus differens, caused by a local lesion of the radial artery (Pig. 6). 
It was found that the oscillations of every finger on the right side came from both 
the radial and the ulnar artery. On the left side the oscillations disappeared com- 
pletely during compression of the ulnar artery. Compression of the radial artery 
had no effect. This investigation was repeated three times, always with the same 
results. 

The small pulsations that were felt in the left radial artery did not reach the 
fingers. 

The determination of the occult blood pre.ssure gave the results shown in Table II. 


Table II 


SPONT. OCCULT 
PRESSURE 

OCCULT PRESS. 
DURING COMPB. 
RADIAL ART. 

OCCULT PRESS. 
DURING COMPB. 

ULNAR ART. 

SPONT. OCCULT 
PRESSURE 

Right second finger 

50 

30 

50 

60 

Right fourth finger 


40 

45 

65 

Left second finger 

60 

65 

0 

65 

Left fourth finger 

65 

55 

0 

70 


These results showed that the occult blood pressure on the right side depended up- 
on the radial and the ulnar arteries, while on the loft side no occult pressure de- 
pendent upon the radial artery was found. 

With the shock method it was found that the filling of the hand during 
compression of the ulnar artery was rather prompt, although slower than on the right 
side. During compression of both the radial and the ulnar artery on the left side 
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there stUl .vas a rather prompt ii\\h^g o£ the hand. Jt- was elear that another artuj 
was responsible for this filling. On the dorsum of the hand a small pulsating 
vessel w^s found. Compression of thi.s extra artery together with the radial and 
ulnar arteries did not prevent filling of the hand, although it was much .slower. This 
indicated the presence of a fourth artery pavtieipating in the filling of the hand; 
this artery could not be localized by palpation of the hand. Patency of the radia 
artery was not proved or disproved by these experiments. 



Fig-. G. — Ca.se 2. August 1C, 1932. Compression curi'cs of all the fingers from the 
right and left hand. Compression of the ulnar artery causes a complete disappearance 
of the oscillations in all the fingers of the loft! hand. Occlusion of the left radial 
artery Is demonstrated. 


On the right side, compression of both the nidial and the nliiar arteries prevented 
filling of the hand. Tliercforo no c.xtva arteries could be demonstrated Iiere. The 
normal interosseous artery seemed never to cause a filling of the hand. 

The extra arteries on the left side tvere supposed to bo collateral arteries, widened 
by the occlusion of tho radial artery. This occlusion was only partial at the wrist 
(presence of small pulsation), but a total, or almost tot.al, occlusion must have been 
present in a more distal part of the artery. 
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The conclusion was reached that this patient had a pseudo pulsus 
differens, caused by a local narrowing of the radial artery. The small 
difference in blood pressure between the right and left upper arms prob- 
ably had no clinical significance. 

The results obtained from examination of the two patients above 
show a strict agreemeiit between both the compression curves of oscilla- 
tions and the determinations of occult blood pressure during compres- 
sion, Sometimes other results were obtained. 

Case 3. — Patient D. J., a man aged forty-seven years, with carcinoma of the 
stomach, was found to have a very small radial artery on the right side. The right 
ulnar artery was more developed than the left. Compression curves showed that 
on the normal left side the oscillations came from both the radial and the ulnar 
arteries. On the right side the oscillations came exclusively from the ulnar artery 
(with the exception of yery faint oscillations in the right thumb, originating from 
the radial artery). Determinations of the occult blood pressure were made. (Table 

in.) 

Table III 


SPONT. OCCULT 
PRESSURE 


OCCULT PRESS. 
DURING COMPR. 
ULNAR ART. 


OCCULT PRESS. 
DURING COMPR. 
RADIAL ART. 


DITTO 


Eight second finger 

75 

40 

I 55 

II 

70 

Left second finger 

70 

55 

I 70 

II 

80 



OCCULT PRESS. 
DURING COMPR. 

SPONT. OCCULT 
PRESSURE 





ULNAR ART. 



Eight second finger 


40 

70 




Although the oscillations ivere of totally different composition on the right and 
the left side, there were no marked differences in the occult pressure. 


Tiiis ease presents an example of absenec of pulsation with only 
slightly lowered oeeult pressure (right second finger during compres- 
sion of ulnar artery). This eomliination was found to be rare. 

Case 4. — Miss V. C., thirty-eight y^ears of age, had been visiting the clinic off 
and on for several years. She had marked arterial spasm of the Ea 3 'naud tj-pe in 
hands and feet; later she developed an extensive scleroderma on the chest and hips. 

Arterial palpation, showed absence of pulsations in the left dorsal pedal artery. 
The other arteries of feet and hands showed normal pulsation. 

Arterial occlusion is not found in most eases of Eajmaud's disease. The patencj’ 
of the left dorsal pedal arterj* in this case with the typical clinical picture of Eay- 
naucl’s was therefore investigated. (Fig. 7.) 

• Compression curves showed that the oscillations of the normal right foot came 
from both the posterial tibial and the dorsal pedal artery, with some preponderance 
of the latter. On the left foot the oscillations came exclusivelj* from the posterior 
tibial arterj-. 

These curves showed, in agreement with the arterial palpation, that the left dorsal 
pedal artery was not patent for oscillations. With a capsule especially fitted for the 
big toe the occult pressure was determined with tlie same technic as that described 
for the finger. Owing to technical difficulties the results were not so accurate as 
those on the finger, but nevertheless quite significant. (Table IV.) 
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poni^riJNE : 


Tabu: IV 



SVON'T. OCCUI.T 
PKESSUKK 

OCCUI.T rUES.S. 
PUniN’O COMPR. 

A. TIB. POST. 

SrONT. OCCUI.T 
PUE.S.SUItE 

OCCUI.T ITIES.S. 
nUUINCl COMPIt. 

A. nOKS. PEP. 

Kight big toe 
Left big toe 

7iJ 

70 

fl.T 

0 

00 

110 

GO 

90 

Eight big toe 
Left big toe 

Sl’OST. OCCUI.T 
rUF.SSUUE 

so 

Oo 

OCCUI.T I'BESS. 
PUItlS'd COMPIt. 

A. TIB. POST. 

S5 

0 

OCCUI.T PRES.S. 
PUHISO COMPK. 

A. TIB. PO.ST. 

+ A. POinS. PED. 

0 

.SPONT. OCCUI.T 
rUE.SSUKE 

S5 

7i) 



Flgr. 7. — Case 4. Alarch 24, 1933. Compression cui'\’es of the right and left foot. 

T = Period of compression of posterior tiblal artery. 

D = Period of compression of dorsal pedal arterj’. 

T + D = Period of compression of posterior tiblal and dorsal pedal artery. 

Compression of the posterior tiblal artcrj' causes complete disappearance of the 
oscillations In the left foot. Occlusion of the left dorsal i)cd!il artery is demonstrated. 

These results showed that coinpressioii of tlie imstorior tiblal artery had no effect 
on the normal right side, but gave a fall of the occult pressure to zero on the left 
side. Compression of the dorsal pedal artery hud no effect on the left side, slight 
effect on the right side. An almost total occlusion of the left dorsal pedal artery 
had to bo assumed. Now the shock method was cai’ried out. The log was made 
anemic, and arterial circulation was obstructed by a cuff, inflated to 220 mm. of 
mercury around the upper leg. Afterward the tension in tlio cuff was suddenly 
released, during compression of the posterior tibial artery. On the right side there 
Avas a prompt filling of the leg and the foot Avhilc the toes shoAved an irregular 
filling (arterial spasm). On the left side there Avas a prompt filling of the leg to 
the ankle. From this point there was a very slow progrcssiA-c redness of the dorsum 
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of tlie foot, -whic,!!, after two iiiinutea liad elapsed, had not yet reached tlic distal 
parts. Eeleasc of the posterior tibial artery gave a prompt filling of the foot. 
In this manner a very small degree of patency could be demonstrated in this artery. 

The value of the methods described -foi* the clinical investigation of 
arterial occlusion was proved on different groups of patients. 

Com2:)ression curves of the hands. 

1. In patients with normally pulsating radial and ulnar arteries. In 
this group curves were made of 24 patients. Arterial compression in 
these control cases showed some noi'mal variations. Two extreme groups 
with many intermediate cases could he distinguished. In the tlr.st group 
eomiDi'ession of one artery alone (radial or ulnar) had no marked in- 
fluence on the oscillation’s. Here it was evident that in all fingers the 
oscillations came from both arteries. When one artery was eomjircsscd, 
the other could compensate for the resulting loss of circulation. 

In the second group there were differences between the fingers. The 
oscillation of the thumb and sometimes also of the second finger came 
only from the radial artery. In the third, fourth, and fifth fingers the 
influence of the ulnar artery gradually increased. Sometimes the fifth 
finger .showed again a preponderance of the radial artery, especially 
when comi)arcd with the fourth finger. 

2. Patients with absence of pulsations in one or both ulnar arteries. 
In this group 8 cases were investigated. One of the.se (Case 1) has 
been described above. 

Table V shoAVS that oscillations from the ulnar artery often could be 
demonstrated in cases which had no palpable pulsations of this artery. 

In a case Avith changes in the patency of the ulnar arteries (No. 8 
of Table V) compression curves gaA'c a better insight into the condition 
of the artery than did artei'ial palpation. In the first tAvo cases there 
Avas comiilcte agreement betAveen arterial palpation and compression 
curves. The determination of the occult pressure shoAved also an almost 
total occlusion. Compression of the radial artery caused a fall in 
pressure to zero (in both hands of the second case and in the right hand 
of the first ease of the table). 

In the other eases the relation betAveen arterial palpation and com- 
pression curves Avas variable. 

Determination of occult pressure shoAved in those cases that Avere in- 
Amstigated (Nos. 3, 5, and 8) that either the radial or the ulnar arteiy 
alone could uphold a good occult pressure in the fingers. 

Compression curves of the arteries of the foot. 

The influence of alternative compression of the posterior tibial and 
the dorsal pedal artery on the oscillations of the dorsal and plantar side 
of the foot Avas investigated in some groups of patients. 
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Control (jroup. 

1. Patients with normal pulsations in the posterior tibial and 

the dorsal pedal artery 30 eases 

Oscillations from both arteries i)resent 27 cases 

Oscillations fi-om only one artery j)rescnt 3 cases 

These three cases need a special discussion. In one case tiic oscilla- 
tions were too small and indistinct to make the forming of a reliable 
.iudgment possible. The second ease had a peculiar arterial disease, which 
was diagnosed as thromho-angiitis obliterans of the (digital) arteries of 
the toe.s. In this ease the oscillations in both feel came from the posterior 
tibial arteries only, although there were normal ])ulsations in the doi-sal 
pedal artcrie.s. A possible exjilanation was an ohliferalion of the prin- 
cipal branches of the dorsal 3)edal artery. In a third ease, with Addi- 
son's disease, there were small but distinct oscillations, which came only 
fi'om the dorsal j)edal artcrie.s. Tlio j)osterior tibial arteries .showed 
normal pulsations. Why the.se pul.sations could not be demonstrated 
on the foot was not explained. 

These results showed that in mo.st cases with normally ])ulsaling ar- 
teries of the feet there were on the dorsal and ])lantar side oscillations 
from both arteries; exceptionally the o.scillations came only from one 
artery. 

2. Patients with absence of i)ulsations in one or both dorsal pedal 

arteries. i i • 1 Tt 

. I » u o 

Absence of i^ulsaiions in both dorsal pcd<d arteries 9 cases 

Oscill. only fronr post. tib. art. in both feet 6 cases 

Oseill. only from post. tib. art. in one foot and predom- 
inantly from post. tib. art. in the other foot (with 
faint oscill. from the dorsal pcd. art.) 2 cases 

Oscill. from both the post. tib. and dors. ped. art. 1 case 

Absence of x>'idsations in one dorsal 2 >edal artery 4 cases 

Oscill. only from the post. tib. art. of the same side 3 eases 

Oscill. from. both the post. tib. and the dors. ped. arteries 

of the same side 1 case 

In nine cases of this group there was sti'ict agreement between pulsa- 
tions and oscillations. In two cases there was a very slight difference. 
In two cases there was no agreement. In these latter cases patency of 
dorsal pedal arteries that showed no pulsation on palpation was proved. 

3. Patients with absence of pulsations in one or both posterior tibial 
arteries. 
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Absence of indsations in hoik post. iih. ari cries 6 cases 

Oscill. in both feet from the dorsal ped. art. only 2 cases 

Oscill. in both feet from both the j) 0 .sl, tib. and the dors. 

ped. art. ^ cases 

Absence of ■pidsaiions in one post. iib. uricrij 2 cases 

Oscill. on the sainc .side from the dors. jicd. art. only 1 case 

Oscill. on the same .side from both the ])ost. tib. and the 

dors. ped. art. 1 


In this group there was strict agreement between pulsations and os- 
cillations in 3 out of 8 eases. In the other ca.scs patency of the ])ostcrior 
tibial arteries had to be assumed, although ])ulsations could not be felt. 
Absence of patency for oscillations in the ))osterior tibial artery seems 
to be rare in patients without manife.st arterial disease. 

The following conclusions could be drawn ; 

1. When no pulsations of the dorsal pedal artery were felt, there wore 
no oscillations from this artery in most cases. 

2. AVhen no oscillations from the dorsal ])(“dal artery were found, 
there were no pulsations in this artery in most cases. 

3. When no pulsations were found in the posterior iibud arteri/, often 
oscillations from this artery could be detected. 

These results indicated that the palpation of the i)osterior tibial ar- 
tery is less reliable than palpation of the dor-sal pedal artci-y. 

The comprc.sslon method can dcmon.stratc the ])atency of arteries ir- 
re.spective of palpation. It cannot prove with absolute certainty the oc- 
clusion of arterie.s. It should therefore be combined with the determina- 
tion of occult blood i)rc.ssure and the shock method. The degree of 
patency of the arteries of the extremities can be estimated with a fair 
degree of accuracy by the combination of these methods. 


.SUMMARY 

1. A method for the registration of arterial oscillations in fingers and 
feet is deseribed. 

2. This method is used as a test for the patency of the main arteries. 
By alternative compression of the radial and ulnar arteries on the hand, 
of the posterior tibial and donsal pedal arteries on the feet, the composi- 
tion of the oscillations can be studied. 

3. The so-called occult blood pressure in fingers and big toes was 
studied by the method of Gaertner. The influence of compression of 
arteries on the occult blood prc.ssure was studied and used for testing 
the patency of these arteries. 

4. A third method, called shock method, was used for testing the 
patency of almost totally occluded arteries. Most of these arteric.s^’crc 
found to have some degree of patency. 
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5. The relation beUvecn the results of arterial i>al])ation and the com- 
])rossion method was investigated in diherent groui)s of ])aticnts. 
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TREATMENT OP CHRONIC HEART DISEASE BY TOTAL 
ABLATION OF THE THYROID GLAND‘'t 

VII. The Heaut ik AuTiriciAE Myxedema 

David Davis, :\I.D., A. A. Weinstein*, :M.D., J. E. F. Riseman, M.D., 
AND IlEimMAN L. Beumoaut, !M.D, 

Boston, Mass. 

S TUDIES of Iho licarl in siioninncous inyxodoina'’' ='■- *■’' diu-- 
iug the pn.si. decade liave demonstrated that (3) the heart size, as 
measured by the seven-foot roenlfrenoprani, is increased; (2) the volt- 
ages of the P, T, and QRS waves of the elect roeardiogram arc frcfiuently 
dimini.shed and (3) cardiac contractions are less vigor- 

ous.-- Opinions dilTer concerning the clinical significance of these 
alterations. ZondclU"- " and Fahr'< maintain that cardiac function is 
often impaired in patients with myxedema having such ehang(?s. Chris- 
tian,”- M^'illius and Haines,^’ Case,’'’ i^Ieans, M'hitc and Krantz,-'' 
however, studied a total of three hundred patients with myxedema and 
concluded that heart, function is rarely, if ever, imjiaired. From a re- 
cent review of the literature and a comprehensive study of thirty addi- 
tional cases at the ^la-ssachusctts General Hospital, Lennan, Clark aiul 
Means-‘ conclude that “myxedema heart” in the sense of heart, failure 
occurs rarelj-, if at all. The studies of the above invest igatoi-s were 
confined almo.st entirely to patients without cardiovascular disease. 

In treating patients with chronic heart disease and other conditions 
by indxicing hypothyroidism by total removal of the normal thyroid 
gland, we have been able to study the development of the cardiovascular 
changes associated with the development of myxedema. Two aspects of 
the heart in myxedema have been investigated: first, the character and 
rate of development of the changes in heart, size and electrocardio- 
graphic tracings; and, second, the significance of these changes in terms 
of cardiac function. Studios before, and at varying intervals after, 
total thju-oidectomy have been made in three groups of patients; one 
group comprising patients w'ith congestive heart failure at the time of, 
or just before, operation ; the second group, patients with angina jicc- 
toris; and the third grou]i, patients Avith no evident functional or ana- 
tomical abnormalities. The rationale, technic, and theraimutic results of 
total thyi’oidectoray in patients Avith chronic heart disease and no thyro- 
tosicos is have been described in prcA-ious communications.'- "• 

•Read In part before the New EiiBlanil Heart Association, January 20 . 1934. 

.Service and Medical Research laboratories of the Beth T<!nol 
Hospital and the Department of Medicine. Hain-ard Medical School Thn 

search Pund^ " the AVllllam AA^ AVeninglon McmSwal Bc- 
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IMATERIAU AND METHODS 

Thirty-seven patients in whom total thyroidectomy was performed liave been 
studied.* Clinical observations on some of these jiatients have been reported;!) ob- 
servations on the others are to be reported later. Tlie ages of the patients varied 
from fourteen to sixty-six years; twenty-three were males, and fourteen females. 
Twentj'-two patients showed congestive failure at the time of, or prior to, operation; 
ten had angina pectoris witliout congestive failure; one had uncontrollable paroxysmal 
auricular fibrillation; and four had no cardiovascular disease, the operation having 
been performed for other reasons. A persistently low basal metabolic rate was ob- 
tained in every case after thyroidectomy. 

The degree and progress of the hypothyroid state in the subjects of this investiga- 
tion have been judged by the following indices: (1) basal metabolic rate; (2) 
velocity of blood flow; (3) serum cholesterol; and (4) clinical observations. Each 
of these measurements, together with blood pressures and heart rates, was obtained 
before and at appropriate intervals after thyroidectomy. 

The data on the heart size and the electrocardiographic tracings have been analyzed 
in reference to the degree of hypothyroidism as evaluated on the basis of all these 
four factors. The postoperative period of study varied in the different patients from 
one and one-half to twelve months. The earliest postoperative observations on 
electrocardiographic tracings and heart size were made within the first month after 
operation. 

Teleroentgenograms wore taken in the standard manner at the height of inspira- 
tion; since appreciable change in the position of the diaphragm may produce ap- 
parent changes in heart size. Measurements of the internal diameter of the chest 
were made to evaluate approximately the position of the diaphragm in successive 
films. The three standard leads of a No. 2 llindle electrocardiograph were used. 
Basal metabolic rate measurements wore made in duplicate with a Collins-Bonedict- 
Roth apparatus, and results calculated according to the Aub-DuBois normal stand- 
ards.i The values reported are the average of duplicate analyses which checked 
within 5 per cent. The preoperative values represent the average of several such 
measurements on different days. Measurements preoperativcly’ and during the first 
three to six postoperative weeks were made while the x’ntient was in the hospital. 
When studied after discharge from the hospital, the patient rested quietly in bed 
from one-half to one hour before measurements were made. Serum cholesterol 
measurements were made in duiflicate by the method of Myers and Wardell2!> using 
the continuous extraction ax)imratus described bj' Ling.s!) Blood was drawn from 
the antecubital vein with minimal stasis, after a fast of fourteen hours or more. 
The arm-to-tongue circulation time, as measured by the decholin method of Winter- 
nitz, Deutsch and BrulBo was used as an index of the velocity of blood flow. The 
heart rates were measured in the basal state. Blood pressure measurements were 
made by means of a standard mercurj' manometer with a cuff 14 cm. wide. The 
readings represent the mean values of repeated measurements made with the patient 
at rest. The above measurements and clinical observations at various time intervals 
were obtained on the same day or subsequent days. 


FACTORS EMPLOYED IN GAUGING THE DEGREE OP HYPOTHYROIDIS5I 

Although, measurement of the basal metabolism is the most useful 
single estimation available for evaluating the degree of thyroid activity, 
the basal metabolic determinations fail at times to conform to those ex- 

*A11 operations were performed by Dr. David D. Berlin. 



DAVIS ET AL. : 


TOTAL ABLATION OP THYROID GLAND 


19 


peeted from clinical studies. For example, no clinical evidence of re- 
duced tlijToid activity may be manifest in certain patients whose basal 
metabolic rates are reduced as low as 25 or even 35 per cent below the 
average normal.^" On the other hand, the administration of dinitro- 
orthocresol or dinitrophenoP=>- to patients with myxedema may in- 
crease the metabolic I’ate, with little or no influence on the clinical signs 
and sjTuptoms of myxedema. The rise in metabolic I’ate after the ad- 
ministration of dinitrophenol or dinitro-orthoeresol to nonnal pei-sons 
or to patients with myxedema is not accompanied by the nervous symp- 
toms and cai’diovaseular manifestations Avhich are subsequent to thyroid 
administration.^®- In the light of these facts, the metabolic rate must 
be considered merely one expression of the underlying hjq^othyroid 
state. 

The importance of the serum cholesterol value as an aid in estimating 
the degree of spontaneous myxedema has been stressed by Hurx- 
thal,®®' and the findings in artificial myxedema will be described by 
us in a forthcoming communication.'' In some patients the height of 
the serum cholesterol was in closer agreement with the clinical signs and 
symptoms of hypothyroidism than the basal metabolic rate (Cases 5, 
12, 15, 16). 

The relation between the metabolic rate and velocity of blood 
flow in health and disease has been described in previous communica- 
tions.®- ®- In patients with cardiovascular disease and a normal 
metabolic rate, the velocity of blood flow is slowed according to the de- 
gree of circulatory insufficiency. The blood flow may be similarly slowed 
in patients with no cardiac failui-e but Avith the low metabolic rates of 
myxedema. The velocity of blood flow in the latter patients is a further 
index of the degree of hypothyroidism. 

The development of clinical signs and sj-^mptoms of hypothyroidism 
folloAving operation usually indicated roughlj-- the degree of the hypo- 
thyroid state. As the basal metabolic rate became significantly lowered 
following operation, mild signs and symptoms, such as dimness of the 
skin, slow growth of hair, slight hoarseness, and coldness of the ex- 
tremities, appeared. The interval between operation and the develop- 
ment of these signs and symptoms and of a markedly reduced basal 
metabolic rate varied usually from three weeks to two months. These 
early symptoms caused little or no discomfort and did not require thy- 
roid medication. As the basal metabolic level continued at or below 
approximately minus 30 per cent, many patients ' shoAved Aveakness of 
the legs, puffiness of the face and hands, droAvsiness, and irritability. 
These “untoAvard symptoms” of myxedema were controlled by means 

of small doses of thyroid (Armour’s), one-eighth to one-half grains 
daily. 
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CIIAXGi:S TX Tin: SKVKX-FOOT ItOICXTOICXOfUtAM 

The relatioiishi]) of the degreo of h.v])ot]iyroidi.sin lo llic changes in 
llie seven-foot roentgenogram is summarized in Table J. Cases are 
arranged in tlic order of deei'easing changes in cardiac transverse di- 
ameter. Tlie first grouj) comprised twenty-two ])atients with congestive 
failui'c due to various tyjies of heart di.seasc (Table I). The Iieai't size 
and electrocardiograms, ])reoperativcly, showed varying deviations from 
the normal. In twenty of the.se eases the transverse cardiac diameter 
was greater than one-half the internal ehe.st diameter. Following thy- 
roidectomy, the transverse cardiac diameter inerea.sed more than O.o cm. 
in fifteen patients, showed no change in three ])atients and decreased 
more than O.n cm. in four jjatients. The greatest increase in size was 


Increase in Heart Size 
BYz Mo. after Total Thyroidectomy 



Post-op. -32 22.2 


Little Change in Heart Size 
12 Mo, after Total Thyroidectomy 



Pre-op. “I 45 29.6 

Post-op.-26 40 29.2 


FI.!J. 1. 


FIk. 2. 


Fisr. 1. — .Sllhouettc.s of heart before aiul after operation in Ca.«c 1. Black line rciirc- 
sents preoperative cardiac outlino; dotted lino, silhouette twelve montli.s after operation. 

Fig. 2. — Silhouettc.s of heart before and after operation in Ca.«e 11. Black line rep- 
resents pre-operative cardiac outline ; dotted lino, silhouette twelve months after opera- 
tion. 


2.7 cm.; the greatest decrease in size was 1.4 cm. The changes in heart 
size observed in the group with congestive failure were the resultant of 
two opposing tendencies: the inercase in cardiac size that takes place 
in myxedema, and the shrinkage in heart size that aecompanies the re- 
turn to compensation of a heart previously decompensated. This shrink- 
age varied with the degree of dilatation previously present because of 
heart failure. According to whether one tendency or the other pre- 
dominated, the heart size of the different patients in this grouji with 
congestive failure decreased, increased, or showed little or no change. 
(Figs. 1, 2, and 3.) 

The second group compi’ised ten patients with angina pectoris and 
one patient with angina pectoris produced bj'' paroxysmal auricular 
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fibrillation (Table II). In five cases the transverse cardiac diameters, 
preopera tively, were greater than onc-lialf the internal chest diameters. 
After operation eight patients showed an increase of 0.5 cm. or more 
in the transverse cardiac diameter, coincident wdth the drop in metabo- 
lism, and three showed no change. 

The third group comprised patients with no heart disease (Table 
III). Three of the four patients showed an increase in the transverse 
cardiac diameter, the greatest increase being 2.S cm. (Case 34). 

THE RELATION OF CHANGES IN HEART SIZE TO CHANGES IN THE BASAL 

- METABOLIC RATE 

The basal metabolic rate gradually decreased after total thyroidec- 
tomy, the maximum decrease occurring usually between the third and 


Decrease in Heart Size 
Mo. after Total Thyroidectomy 



Pre-op. ~3 57 28.2 

Post-op. “20 29 28.4 


Pig:. 3. — Silhouettes of heart before and after operation in Case 21. Black line 
represents preoperative cardiac outline ; dotted line, silhouette five and one-half 
months after operation. 

the eighth week. An increase in heart size was observed as early as the 
third week after operation, at which time the metabolic rate had not yet 
reached its lowest level (Cases 4 and 26). The increases in heart size 
following thyroidectomy usually developed coincident with the gradual 
lowering of the basal metabolic rate. Changes in measurements of - the 
length and base of the heart usually corresponded with changes in the 
transverse cardiac diameter. Case 3 showed an increase of 0.7 cm. as 
the basal metabolic rate dropped from plus 5 to minus 22 per cent. 
With a further drop to minus 27, and later to minus 34 per cent, the 
cardiac diameter showed progressive increases of 1.6 and 2.3 cm. re- 
spectively over the preoperative values. In Case 10 there was an in- 
crease of 1 cm. as the basal metabolic rate dropped from plus 9 to 
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miliTis 15 per cent. In Case 11 the basal metabolism remained excep- 
tionally constant from the first to the twelfth month after operation. 
During this time the transverse diameter showed no marked changes, 
although with the initial lowering in metabolic rate during the first post- 
operative month the heart size had increased appreciably. Tlie admin- 
istration of small doses of thyroid, as indicated in Tables I, II, and III, 
caused a prompt decrease in heart size in some patients. 

In patients with congestive failure increased heart size did not al- 
ways parallel lowering in the metabolic rate. With clinical improve- 
ment, and consequently lessened cardiac dilatation, the heart sometimes 
became smaller. In patients with angina pectoris, however, and in those 
patients with congestive failure who had reached the stage of compensa- 
tion, changes in the metabolic rate were usually accompanied by cor- 
responding changes in heart size (Table I). In Case 4 the basal metabo- 
lic rate had dropped from plus 9 to minus 36 jicr cent by the end of 
the fourth postoperative week, and the transverse cardiac diameter had 
increased 2.2 cm. Two weeks later, after thyroid medication, the basal 
metabolic rate had increased to minus 23 per cent, and the transverse 
cardiac diameter had shrunk 1.2 cm. below its one month diameter. 
Similar responses Averc seen in Cases 14 and 8. 

In some instances (Cases 5, 7, and 29) the basal metabolic rate awts not 
markedly loAvercd in patients Avho shoAved definite clinical manifesta- 
tions of hypothyroidism. In these cases tlic changes in heart size cor- 
responded to the degree of hypothyroidism as indicated by the elevated 
scrum cholesterol Amlues and by the clinical findings. 

RELATION OF CHANGES IN ELECTROCARDIOGRAMS TO THE DEA'ELOPMENT OF 

THE HYPOTHYROID STATE 

The electrocardiographic changes folloAving total thyroidectomy have 
been obseiwed in thirtj^-tAvo patients (Tables IV, V, VI). The case num- 
bers correspond AAoth those of Tables I, II, and III. The voltages of the 
El- and T-Avaves in all three leads are recorded. The T-AvaA'e measurements 
represent the greatest voltage above and beloAv the base line. The elec- 
trical axis Avas calculated according to the method of Einthoven and 
shoAved no significant variations. Changes in the voltage of T-Avaves 
in some cases are partly attributable to varying degrees of digitalization 
and of coronary and myocardial disease. Jilinor variations in the P-E 
and QES intervals in a fcAV instances may be related to the same factors. 
Definite diminution in the amplitude of the ventricular complexes 
Avhich could not be attributed to the above factors Avas evident in tAventy- 
four of the thirty-tAvo patients studied. In these patients diminution 
in amplitude generally appeared Avith the first significant drop in the 
metabolic rate (Cases 1, 3, and 4). The greatest change occurred Avith 
the maximum development of hypothyroidism. In these eases the P-E 
and QES interval usually showed no change after operation. 
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THE RELATION OF THE VELOCITY OF BLOOD FLOW TO THE BASAL METABOLIC 
RATE AND TO TPIE SIZE OF THE HEART 

Tlie slowing in velocity of blood flow wliicli generallj’- occurs con- 
comitant with lowering in the basal metabolic rate has been previously 
described.®'® The same relation ivas evident in patients with angina 
pectoris and in the subjects without heart disease. (Tables II and III.) 
In patients with congestive failux’c in whom the velocity of blood flow 
before operation was slow, the development of the hypothyroid state 
was frequently accompanied by a furtlier slowing in tlie velocity of 
blood flow. The significance of tliis, in relation to the clinical improve- 
ment shown b 3 ’’ these patients, has been discussed in a previous com- 
munication.® 

Of twent 3 ’’-two patients with congestive failure fifteen showed a cor- 
relation between the changes in heart size and the velocity of blood 
flow. In eight of these fifteen patients the transverse diameter of the 
heart increased and the velocitj’- of blood flow slowed; in five patients 
the velocity of blood flow remained slow and the lieart size did not 
change. In two patients tlie velocity of blood flow increased and tlie 
heart became smaller. 

BASAL HEART RATE AND BLOOD PRESSURE BEFORE AND AFTER 

THYROIDECTOMY 

Changes in blood pressure and heart I’ate after total thyroidectomy 
were variable and striking onl.y in occasional cases.®’ ^ Of thirty-three 
patients with either congestive failure or angina pectoris eleven showed 
a decrease, and seven an increase, in heart rate of ten or more beats; 
fifteen showed changes of less than ten beats per minute (Table VII). 


Table VHI 

Changes in Basal Heart Bate and Blood Pressure Before and 
After Total Thyroidectomy 



HEART RATE 

SYSTOLIC B.P. 

DIASTOLIC B.P. 


Besults in 

2^ patients with congestive failure 


Decreased 


6 

10 

3 

No cliange 


11 

9 

12 

Increased 


5 

1 

5 

Insufficient data 

0 

2 

2 


Besults in 

eleven patients with 

angina pectoris 


Decreased 


5 

3 

2 

No change 


4 

6 

6 

Increased 


2 

0 

1 

Insufficient 

data 

0 

2 

2 


The above data were analyzed on the basis of changes in heart rate of ten beats 
or more ; changes in systolic blood pressure of 20 mm. or more ; and diastolic pressure 
of 10 mm. or more. 


Thirteen patients showed a decrease, and one showed an increase in 
systolic blood pressure of 20 mm. of mercury or more. Fifteen showed 
changes of less than 20 mm. of mercury in the systolic pressure. In 
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four patients data were insufficient. Five patients showed a decrease,, 
and six an inerease in diastolic blood pressure of 10 mm. or more of 
mercury. Eighteen showed changes less than 10 mm. of mercury in 
the diastolic pressure. 

RELATIONSHIP OF CHANGES IN HEART SIZE AND ELECTROCARDIOGRAPH VOLT- 
AGE TO CARDIAC FUNCTION IN PATIENTS WITH ANGINA PECTORIS 
AND CONGESTIVE FAILURE BEFORE AND AFTER TOTAL 
ABLATION OF THE NORMAL THYROID GLAND 

The significance of changes in heart size, basal metabolic rate, electro- 
cardiographic tracings, and velocity of lilood flow as expressions of the 
hypothyroid state has been briefly reviewed. Tliat such clianges do 
not result in impairment in cardiac function has been shovui by the 
striking improvement coincident with the development of the hypo- 
thyroid state in patients who, before operation, suffered from chronic 
heart disease. Objective measurements of tlic degree of functional im- 
provement in such patients have also been made. A modified Master 
and Oppenheimer exercise tolerance test-* was performed by patients 
with congestive failure before and at varying intervals after thyroidec- 
tomy. Patients with angina pectoris undertook similar exercise under 
the standardized conditions elsewhere described.-'- After the develop- 
ment of the hypothyroid state patients with congestive failure showed 
a more normal response of blood pressure and heart rate to the same or 
greater increments of exercise than was evident before operation (Ta- 
ble VIII). Patients who showed marked dyspnea and collapse on exer- 
cise before operation experienced little or no distress when the test was 
repeated after thyroidectomy. Similarly, patients with angina pectoris 
no longer experienced attacks of chest pain on exercise under conditions 
which invariably produced anginal attacks before operation, in spite of 
increases in heart size and diminution in voltage of the electrocardi- 
ographic tracings (Table IX). The tests outlined herein are examples 
of many others to be published in foi’thcoming publications. The in- 
creased capacity for exercise demonstrated by these patients usually 
paralleled the slowing of the velocity of blood flow as the basal metabolic 
rate fell. 

DISCUSSION 

In previous communications the treatment of intractable heart dis- 
ease by total thyroidectomy was demonstrated as a feasible and effective 
procedure in patients without clinical or pathological evidence of hyper- 
thyroidism. Prom previous studies the conclusion had been drawn that 
by reducing the basal metabolism in patients with heart disease one 
would lessen the metabolic and circulatory demands of the individual 
so that the previously reduced circulation would become adequate to 
the decreased needs of the body. 
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The same considerations of supply and demand for blood underlie 
the rationale for total ablation of the thyroid for relief of angina pec- 
toris. Wlien the work of the heart is augmented, as in exercise, there 
must be a rise in coronaiy eireulation. If, because of arteriosclerotic 
narrowing of the coronary vessels or other causes, the coronary circula- 
tion cannot increase in accord Avith tlie increased needs of the heart, 
anoxemia develops and angina pectoris ensues.-^ After the develop- 
ment of hypotliyroidism folloAving total thyroidectomy, the heart at rest 
reciuires less coronary blood flow and can therefore withstand a greater 
increment of work before rcaeliing tlie upper limit of circulation set by 
the relatively fixed coronary vessels. 

Since the inception of this work twenty patients Avith angina pec- 
toris and forty -five patients Avith various types of congestiA'e failure have 
undergone operation. AVitli tlie dcA'clopment of hypotliyroidism, most 
of tliese patients haA’-e shoAvn definite clinical CA-idence of relief of con- 
gestive failure and angina pectoris, notAAdthstanding changes in heart 
size and electrocardiographic A'oltage characteristic of hypothyroidism. 

The foregoing observations on artificial myxedema after total thy- 
roidectomy in patients Avith congestiA'e failure have shoAAm that the 
changes in heart size are evidently the result of tAvo opposite factors: 
(1) the effect of the hypothyroid state tending to increase the size of 
the heart; (2) the restoration of circulatory compensation tending to 
decrease the size of the heart. The heart size of the indiA'idual patients 
in this group decreased or increased according to AAdiich factor pre- 
dominated. In some patients the tAvo opposing tendencies eAddently 
countei'balaneed each other, for the heart size remained unaltered. 
These variable changes are in contrast to the almost invariable tendency 
of the heart to increase in size in patients Avith spontaneous myxedema 
Avho had no congestive failure.-^ Similarly electrocardiographic changes 
typical of mj^xederaa Avere present in only foui’teen of tiventy patients 
Avith congestive failure. 

In patients Avith angina pectoris in Avhom the factor of shrinkage of 
the heart AAoth restoration of circulatory compensation AA’as not operative, 
and in patients AAdthout heart disease in Avhom artificial mj'xedema Avas 
produced, increased heart size and diminished voltage in electroeardio- 
graphie tracings occurred more often. Eight of eleAmn patients Aidth 
angina pectoris shoAved an increase in heart size, and three no change 
Three of four patients AAdthout heart disease shoAA’^ed these changes. 

In this study the charaetei*, rate, and extent of development of changes 
in heart size and electrocardiographic voltage coincident Avith the de- 
Amlopment of the hypothyroid state could be folloAved from the time of 
their first appearance. means of simultaneous observations of the 
basal metabolic rate, blood cholesterol, A’^eloeity of blood floAv, and de- 
velopment of clinical signs and symptoms of mj’'xedema, it AA'as possible 
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to study accurately the degree of liypothyroidism. It became evident on 
the basis of these indices that the rate and extent of development of 
change in heart size and electrocardiographic voltage paralleled the de- 
velopment of the hypothyroid state. These ehanges were usually not 
progressive over periods of study as long as three to twelve months if 
the metabolism was maintained at about minus 30 per cent by the ad- 
ministration of thyroid. Our observations indicate that the increase in 
heart size and diminution in voltage of the E- and T-waves in the electro- 
cardiogram Avhich occur in mj'xedema are an accompaniment and an in- 
trinsic characteristic of the hj’-pothyi’oid state rather than a secondary 
consequence of myxedema. 

These studies also demonstrate clearly that “myxedema heart” in 
the sense of circulatorj^ failure does not exist as a necessary accompani- 
ment of the hypothyroid state. Most of the subjects of this study had 
suffered serious cardiovascular disease over an extended period of time 
and so might have been expected to shoAV more readily any further im- 
pairment of cardiac function due to the development of myxedema. In 
the presence of increased cardiac size and diminished voltage of the 
electrocardiogram, however, signs and symptoms of congestive failure, 
rather than becoming more prominent in these patients, disappeared. 
That the increased cardiac size due to hypothyroidism does not sub- 
sequently cause functional impairment is shomi by an analysis of the 
clinical course of patients months after operation. The course of the 
patients who showed the greatest increase in heart size is of particular 
interest. Although Patient 1 showed the greatest increase in the trans- 
verse cardiac diameter (2.7 cm.), she has experienced striking clinical 
improvement during the twelve months since total thj’roidectomjL Prior 
to operation she was confined to bed, having had rheumatic heart dis- 
ease with attacks of congestive failure over a period of twenty-six years. 
At the time of writing, twelve months after total thyroidectomy, her 
capacity for work is unmistakably greater than at any time since op- 
eration. She is able to perform household duties without dyspnea, is 
no longer orthopneic, and at no time has evidenced the signs or symptoms 
of congestive failure. Case 2 was a tAvent3’--seven-year-old man with 
rheumatic heart disease, hemoptysis for seven years, and attacks of 
congestive failure for five years. This patient was a cardiac invalid 
for three years prior to operation. Six months after operation, in spite 
of an increase in heart size of 2.1 cm., this patient was up and about 
from eight to ten hours a day without evidence of return of congestive 
failure. Case 4 was a sixty-six-year-old man with syphilis, aifferioscle- 
rotic heart disease, and congestive failure of six years’ duration who had 
been confined to bed or chair for four years. Eight months after op- 
eration, in spite of daily activity, tliis patient has shomi no evidence of 
congestive failure. This patient showed x-ray and electrocardiographic 
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changes tyi^ical of hypothyroidism. It is apparent that the cardiac en- 
largement occurring in these patients concomitant witii the development 
of hypothyroidism has not impaired cardiac function, 

A similar conclusion may be drawn from a study of the reaction of 
these patients to exercise. Prior to operation patients with congestive 
failure performing standard exercise tolerance tests exhibited marked 
dyspnea, collapse, and an abnormally slow return of blood pressure and 
pulse to normal after the termination of exercise. After operation, in 
the face of increased cardiac size and diminution in electrocardiographic 
voltage, they were able to accomplish even more work with little or no 
d 3 ’'spnea and with a more normal physiological response of blood pres- 
sure and pulse. Likewise, patients with angina ireetoris no longer ex- 
perienced attacks of pain on exertion in spite of telcroentgenograpliic 
and elect rocardiogra]ihie changes typical of hypothyroidism. One may 
conclude, tlierefore, that “myxedema heart” in the sense of a condition 
aggravating or precipitating attacks of congestive failure or angina 
pectoris docs not exist in patients with induced hypothyroidism in whom 
the basal metabolic rate is maintained at about minus 30 per cent, 

SU]\iaiAllY AND CONCLUSIONS 

1. Observations arc presented concerning the rate and character of 
changes in heart size in thirty-seven patients, and changes in electro- 
cardiographic voltage in thirty-two patients in whom artificial myxedema 
was produced by total ablation of the normal thyroid gland. These 
patients were observed from one and one-half to twelve months after 
operation, 

2. The degree of the hypothyroid .state was estimated by measure- 
ments of the basal metabolic rate, velocity of blood flow, blood choles- 
terol, and tlie signs and symptoms of myxedema. Changes in heart 
size and electrocardiographic voltage were interpreted on the basis of 
these indices. 

3. After total thyroidectomy, fifteen of twenty-two patients with con- 
gestive failure showed an increase of more than 0.5 cm. in the transverse 
cardiac diameter, three showed no change, and four showed a decrease 
of more than 0.5 cm. Of eleven patients with angina pectoris eight 
showed an increase in heart size and three no change; of four patients 
with no heart disease three showed an increase in heart size and one 
no change. 

4. Tlie variations in changes in heart size in tlie patients who had con- 
gestive failure before operation w'ere the result of two opposing factors : 

(1) the effect of the hj^pothyroid state tending to increase heart size; 

(2) the restoration of circulatory compensation tending to decrease heart 
size. 

5. Obseiwations on the changes in the electrocardiographic voltage 
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of P- and T-waves in thirty-two patients gave the following results: 
of tAVcnty patients with congestive failure fourteen showed a decrease, 
five no change, and one an increase in voltage; of eight patients noth 
angina pectoris five showed a decrease and three no change in voltage; 
of four patients without heart disease all showed a decrease in voltage. 

6. The rate and extent of increase in the heart size and of decrease in 
electrocardiographic voltage of these patients paralleled the development 
of the hypothyroid state and were a manifestation rather than a sec- 
ondary consequence of myxedema. These changes generally showed no 
progression when the metabolism was fixed at a given decreased level 
by thyroid medication, and regressed if tlie metabolism was raised sig- 
nificantly. 

7. In spite of these changes in heart size and oleetrocardiogi’am, the 
patients studied showed a disappearance of signs and symptoms of con- 
gestive failure or of angina iicctoris with persistence of improvement 
from three to twelve months, and increased capacity for work as meas- 
ured by standard exercise tolerance tests. 

8. “Myxedema heart” in the sense of a condition aggravating or 
precipitating attacks of congestive failure or angina pectoris does not 
develop when hypothyroidism is iiroduced by total ablation of the nor- 
mal thyroid gland in patients whose metabolism is maintained at about 
minus 30 per cent. 
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THE DETERMINATION AND THE SIGNIFICANCE OF THE 
AREAS OF THE VENTRICULAR DEFLECTIONS OF 
THE ELECTROCARDIOGRAj\Pt 

Frank N. Wilson, ]\I.D., A. Garrard JLvcleod, M.D., Paul S. Baricer, 
j\I.D., AND Fr.vnklin D. Johnston, jM.D, 

Ann Arbor, Mich. 

I T IS the purpose of this .'irticle to de.scribe a mcihod of analyzing the 
electrocardiogram wliich has not been employed hitherto and which 
yields information not olitninablc in other ways. This method is based 
upon the measurement in suitable units of the areas of the electro- 
cardiographic deflections in the three .standard leads. The data so ob- 
tained are used to determine the mean electrical axis of the heart during 
the inscription of the QRS deflections, of the T deflection, and of the 
ventricular complex as a whole. The mean electrical axis during the 
inscription of the auricular complex may lie determined by the same 
method. 

Methods, We may illustrate this method by applying it to the electro- 
cardiogram reproduced in Fig. 1, which is a cliaraeteristic example of 
the curves seen in Inindlc-liraneh block of the common type. In this 
instance two string galvanometers were employed, and Leads II and 
III were each recorded simultaneously with Lead I. The original curves, 
taken on film, were enlarged approximately six diameters by pi'ojection. 
The ventricular complex as it appeared in each lead was then traced 
(Fig. 2) on thin paper by following the lower margin of the string 
shadow with a sharp pencil. Due care was taken to place each of the 
three tracings in its proper relation to the zero level, represented by the 
horizontal line HH', and to the vertical line YY', which marks the be- 
ginning of the QRS interval. 

It is desirable that the areas of the electrocardiographic deflections 
should be expressed in units that do not vary in value with the film 
speed or with the string sensitivity employed in recording individual 
curves. The larger rectangles defined by the vertical and horizontal co- 
ordinates in Pig. 1 are 5 mm. in height and extend lengthwise over an 
interval of 0.2 second. Since the introduction of one millivolt into the 
string circuit produced a deflection of exactly one centimeter, the area 
of each of these rectangles is equivalent to that of a deflection 100 micro- 

*Froin the Department of Internal Medicine, University of Michigan Medical 
School. 

tA preliminary report based upon the material presented in this article was pub- 
lished in the Proc. Soc. Exper. Biol. & Med. 27: 5!)1, 1930. See also Wilson, Macleotl. 
and Barker: Tr. Assoc. Am. Physicians 4G; 29, 1931. 
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volts in amplitude and one second in duration, or to 100 microvolt-sec- 
onds (m.v.s.). The smaller rectangles are each equivalent to four such 
units of area. After tracing each ventricular complex the corners of 
the projected image of one of the larger rectangles lying in the same 
vertical section of the film Avere marked hy small dots, Avhieh ivere sub- 
sequently connected by straight lines. Only tAvo such rectangles appear 
in Pig. 2, because in this instance the even spacing of the time lines made 
a third unnecessary. 

When the tracings AA^ere completed, they Averc mounted on cardboard 
to prevent creeping of the thin paper, and tAvo vertical lines Avere draAvn, 
one at the end of the QRS interval and the otlier at the end of the 
ventricular complex. The area of QRS and the area of T in each lead 
AA'ere then measured Avith an accurate planimeter. In measuring the 



!•— standard electrocardiogram of the type seen in bundle-branch block of the 
I^T^III Upper record : Lead I and Lead II. Lower record : Lead I and 


former Ave began at the intersection of the baseline AAuth the line fVV'J 
Avhich represents the beginning of the QRS interval, and folloAved the 
outline of the curve until the line that marks the end of the QRS inteiwal 
Avas reached. This line Avas then folloAA'ed to the baseline, and the latter 
Avas traced back to the starting point. In measuring the area of T Ave 
began at the intersection of the baseline with the line that marks the 
end of the QRS interval. Passing along this last line to its junction 
Avith the outline of the curve, Ave followed the latter to the end of the 
ventricular complex and returned along the baseline to the point of 
beginning. This method of measurement gives the net area: i.e. those 
portions of the area that lie beloAv the baseline and are considered neo-- 
a ive ^^lose that lie above the baseline and are considered positive 
are added algebraically by the planimeter. The area of QRST, the 
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ventricular complex as a whole, was obtained ])y algebraic addition of 
the area of QRS and the area of T. All areas were then expressed in 
mi ci’o volt-seconds by dividing cacli of tliem by one one-hundredth of the 
area, measured by planimctcr in sciuarc millimeters, of the large rec- 
tangle traced from the corresponding part of the film, and have been 
arranged in tabular form (Tal)lc I). 



Fig. 2. — Tracings of the ventricular complexes of tl>e curves sliown in Fig. 1. Tlie 
area measui-ements were made with a planimeter. 


Table I* 



I 

II 

III 

ANGLE 

MANIFEST 

AREA 

QES 

67.3 

-33.2 

-100.5 

-49 

102.5 

T 

-35.7 

18.5 

54.2 

130 

55.0 

QEST 

31.6 

-14.7 

-46.3 

-48 

47.2 


‘Areas in microvolt-seconds of the ventricular deflections of electrocardiogram 
shown m Fig. 1. 
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In cases in Avliicli tlie curves have been inaccurately standardized, the 
appropriate corrections must, of course, be made. It is clear that the 
area of any deflection or group of deflections in Lead II must equal the 
sum of the areas of the deflections inscribed in Leads I and III during 
the same interval. This rule is a necessary consequence of Einthoven’s 
equation, Avhieh states that at any instant the deflection in Lead II must 
equal the sum of the deflections in the other two leads. It is A'ery useful 
as a cheek upon the accuracy of the area measurements. It is not es- 
sential that tAVO or more leads be taken simultaneously; the method de- 
scribed may be successfully applied AA'hen the three leads are taken in 
rotation in the ordinary Avay. When this is done, curves Avhich shoAV 
large respiratory Amriations in the form of the A'entricular complex 
should be aA'^oided. Otheinvise, it may be necessary to measure several 
complexes in each lead in order to obtain figures in accord Avith the 
rule mentioned. In many instances Ave liaAm made enlarged photographic 
prints, instead of tracings, of the original curves, and this method is to 
be preferred as the more accurate. The prints should be mounted to 
prevent curling. The proper location of the baseline is a matter of the 
greatest importance. A slight error in placing this line may be re- 
sponsible for a large error in the measurement of the area of the T-Avave 
Avhich rests upon a broad base. It is therefore best not to attempt to 
measure curves in AA'hieh the baseline shifts or in Avhich, for some other 
reason, its position cannot be exactly determined. 

The mean electrical axm and the manifest area. EinthoAfen and his 
associates’- have shoAvn that the resultant electromotive force developed 
by the heart at any instant may be represented by an electric dipole 
or doublet located at the center of an equilateral triangle. The right 
arm, left arm, and left leg are represented bj^ the aiiices of this triangle, 
and the three standard electrocardiographic leads by its three sides. 
The position of the axis of the doublet, AA'hich may be referred to as the 
instantaneous electrical axis of the heai't,' is defined by the angle a Avhich 
it makes Avith the side of the triangle corresponding to Lead I. The 
potential difference that this doublet Avould produce in a given lead if 
its axis Avere parallel to the corresponding side of the triangle is referred 
to as E, the manifest potential difference. If a segment of length E 
is laid off upon the electrical axis, the deflections in the three leads 
Avill be given by the projections of this segment upon the three sides 
of the triangle. When the deflections in any tAvo leads are knoAvn, the 
angle a and the manifest potential difference may be determined hy 
several methods. 


H, in like manner, we represent the mean electromotive force de- 
velopea by the heart dnring the QES interval by a doublet at the center 
of Emthoven s triangle, the axis of this donblet may be referred to 
as the mean elcetncal axis of QES, We may lay oil on this axis a seg- 
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ment E equal in magnitude to tlic manifest area of QRS; i.e., the area 
of the QRS deflections that would be inscribed in a given lead if the 
mean electrical axis were parallel to the corresponding side of the tri- 
angle. The projections ot‘ this segment upon the sides of the triangle 
win then give the area of QRS in each of the three leads. If the area 
of QRS is known for any two lends, the inclination of the mean electrical 
axis of QRS and the manifest area of QRS arc easily found. The mean 
electrical axis of T, the manifest area of T, the mean electrical axis of 
QRST, and the manifest area of QRST may be defined in the same way 
and may be found by the same methods. Prom the center of Einthoven’s 
triangle as origin three vectors, representing QRS, T and QRST, re- 
spectively, may then be drami in such a way that each vector nill gi\e 
the position of the mean electrical axis and tlie magnitude of the man- 
ifest area of the corresponding deflection or grouj) of deflections. The 



a/^6 ~W^/0a.Sm}/5 QR5 T~ 

T-r/30°-SJ.0 

P«. a._The 


last of these vectors is the vector sum of the other two. The vectors 
which represent the QRS, T and QRST deflections of the electrocardio- 
gram reproduced in Pig. 1 are showm graxrhieally in Fig. 3. The angles, 
which define the directions, and the manifest areas, Avhich give tlie 
■lengths of these vectors, are set down in Table I in line with the measured 
areas from which the.y arc derived. It will be iroted that although the 
mean electrical axis of T is separated from that of QRS bj^ an angle of 
approximately ISO degrees, the manifest area of T is only a little more 
than half as great as that of QRS. For this reason the mean electrical 
axis of QRST and the mean electrical axis of QRS have approximatelj 
the same direction. 

The mean electrical axis and the manifest area of any deflection or 
gi’oup of deflections maj^ be determined with approximately the same 
accuracy as the electrical axis and manifest iDOtential diPerence at a 
given mstant. There is no fundamental difference between the method 
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followed in the determination of the former and that employed in the 
determination of the latter. Both methods rest upon the same founda- 
tions and involve the same assumptions. The mean and the instanta- 
neous electrical axis are both resultants and both involve a process of 
vectorial summation; the former differs from the latter in that the sum- 
mation extends over a time interval. 

Significance of the mean electrical axis. The significance that is at- 
tributed to the mean electrical axis naturally depends upon the in- 
terpretation that is placed upon the instantaneous electrical axis. We 
shall adopt the view, originally advanced by Lewis,- that at any in- 
stant during the QRS interval llic electrical axis points in the direction 
in which tlie excitatory process is at that moment spreading along the 
average ventricular muscle fiber. 

Tins view, which is strongly supported both on the experimental and 
on the theoretical side*’ •'*’ ^ advances two distinct and independent postu- 
lates. The first of these has to do with the manner in which the electrical 
forces produced by the various muscle units composing the ventricles 
are to be summed in order to find tlieir resultant. It is held that so far 
as the potential differences produced in the three standard leads are 
concerned, the component electrical forces maj’’ each lie represented by 
a vector and may be added veetorially or according to the parallelo- 
gram law. The electrical axis of the heart is determined in accordance 
mth this principle, and the a.ssumptions that permit us to add the 
electrical forces produced in different parts of tiie licart as if they were 
vectors are the same as those upon which Eintlioven’s equilateral tri- 
angle is based. In other words, it is assumed that for practical pur- 
poses we may consider the apices of the triangle distant and equidistant 
from all parts of the heart and that we may consider the body a homo- 
geneous conductor. 

The second postulate has to do with the relation between the orienta- 
tion of the electrical forces associated with the wave of excitation and 
the direction in which this wave is moving. If a constant relation of 
this Idnd exists, it must follow that at any instant the effective force 
produced by a muscle fiber is fully determined within that portion of 
the fiber which is in the process of passing from the resting to the 
active state. The extent and position of tlie remaining portions of the 
fiber are immaterial. It is implied that if two adjacent elements of a 
muscle fiber differ in their state of activity, one being nearer to or 
farther from the resting state than the other, there must be an electro- 
motive force across and normal to the plane that separates them. 

Theoretical effects produced Inj a muscle fiber suspended in air. Bear- 
ing these postulates in mind, ive may attempt to evaluate the more im- 
portant factors that determine the areas of the electrocardiographic de- 
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flections. This purpose will he most easily accomplished by discussing 
theoretical experiments upon single cardiac muscle fibers. It will be 
convenient to employ the terminologj>- of the so-called membrane theory, 
and to assume in accordance with this theory that a resting muscle 
fiber is surrounded by a polarized^ membrane which is partly or com- 
pletely depolarized when the fiber becomes active, and is repolarized 
when the fiber returns to the unexcited state. 

Let us first consider a curve of the kind obtained by leading directly 
from muscle strips removed from their natural surroundings and sus- 
pended in air. Imagine that it ivere possible to isolate a single cardiac 
muscle fiber and place it in contact with two nonpolarizable electrodes 





18 



Fig. 4.. — Diagram illustrating the electrical effects produced bv excitation of a muscle 

fiber suspended in air. 


arranged as in Fig. 4 and connected to the terminals of a sensitive 
galvanometer or electrometer. For our present purpose we may disre- 
gard such complications as arise from the presence of a film of fluid on 
the outside of the fiber and consider the electromotive force in the 
galvanometer circuit proportional to the electromotive force in the cir- 
cuit GB3ILG, and therefore to the difference between the intensity of 


A nienibrnne or surface uiay be referred to as polarized -wdien it displays equal 
ana opposite electrical properties on its two sides, A muscle element is polarized 
When St exhibits equal and opposite properties at its two ends. If a polarized body 
is placed in an electric field in such a way that the lines of force and the direction 
in whicji the body IS polarized are perpendicular, the intensity to which a given ele- 
ment of the body IS polarized is measured by the moment of the couple acting upon 
that element divided^ by the product of Us volume and the strength of the field. In 
Polarized membrane or surface the intensity of i>oIarization may be 
uenneu as the electrical moment per unit area per unit strength of field. Across a 
there is an electromotive 101x10 proportional to the intensity of 
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polarization beneath the electrode at B and the intensity of polarization 
beneath the electrode at L. If the intensity of polarization is the same 
at both points, this electromotive force will be zero; if it is less beneath 
one electrode, that electrode will be relatively negative with respect to 
the other. 

It should be observed that in effect there is an electromotive force 
across every boundary that defines a difference in the intensity of polar- 
ization. If for example, a plane through M divides the muscle mem- 
brane into two parts, one of which is polarized to an intensity and the 
other to an intensity Po, the electromotive force in all leads from the 
external surface will be the same as if a surface coinciding with that 
portion of the specified plane lying inside the fiber were polarized to an 
intensity Po-Px- Where there is a gradient in the intensity of polariza- 
tion over a given portion of the fiber, the effect is the same as if that 
portion of the fiber were polarized in a direction parallel to the axis 
of the fiber. 

If the electrodes (Pig. 4) arc sufficiently close together, the curve 
recorded Avhen the muscle is stimulated at A awII consist of a sharp 
initial deflection (7) corresponding to the QRS deflections of the Amn- 
trieular complex,- and a broader final deflection {F) corresponding to 
the T-Avave. This diphasic curve may be considered the algebraic sum 
of tAA^o monophasic curA^es, one of AA'hich {abed) represents the cuiwe 
that Avould be obtained if the passage of the excitation Avave produced 
no change in the intensity of polarization beneath the electrode at L, 
and the other {efgh) the curve that AA'ould be obtained if it produced 
no change in the intensity of polarization beneath the electrode at B. 
The first of these monophasic curves Avould actually be recorded if the 
excitatory process Avere initiated at A and blocked betAveen B and L. If 
the excitation Avave Avere blocked betAA^een L and B, the second could be 
obtained by transferring the electrode at B to the latter point. If the 
electrodes are so close together that depolarization is complete at L be- 
fore repolarization begins at B, the initial deflection (7) of the diphasic 
curve may be ascribed to the depolarization, the final deflection {F) to 
the repolarization process. 

It is easily shoAvn that if, as a result of the passage of the Avave of 
depolarization or the Avave of repolarization along the fiber, the in- 
tensity of polarization changes in the same manner and to the same 
extent beneath both electrodes, the area of the resulting deflection is pro- 
portional to the magnitude of the change and to the time required by the 
process producing it to spread from the first electrode to the second, but 
does not depend upon the form of the curve that represents the mamier 
in Avhich the change takes place. We may sum the tAvo monophasic ' 
curves algebraically by reversing the sign of the second {efgh) and 
subtracting the ordinates of the resulting curve {ef'g'h) from those of 
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the first (ahcd). The area of the initial deflection (7) of the diphasic 
curve M’ill then be represented by tlic area ahf'e and tlie area of the 
final deflection {F) by the area cg’hd. If the curve ah and the curve cf' 
are alike in form, the fii’st of these areas is equal to that of a rectangle 
of which aa' is one side and ac the other; if the curve cd and the curve 
g'h are alike in form, the second area is equal to that of a rectangle of 
which aa' is one side and dh the other. It is therefore clear that, pro- 
vided it does not change from point to point, the form of the curve 
that represents the manner in which depolarization takes place cannot 
affect the area of the initial deflection 7. If the form of the curve that 
represents repolarization does not vary, it cannot affect tlie area of the 
final deflection F, 

The sum of the areas of the initial and final deflections (7 and F) of 
the diphasic curve must be equal to the sum of the areas of the two 
monophasic curves {ahcd and cfgk). If the areas of the latter are alike 
in absolute magnitude, the area of F must be equal in magnitude but op- 
posite in sign to the area of 7, and the sum of these areas must be zero. 
This sum must always measure the difference in absolute magnitude be- 
tween the two monophasic curves; if it is not zero, we may conclude that 
the cuiwe ahcd and the curve cf'g'h differ in form. There is then a dif- 
ference between the changes in the intensity of polarization produced 
by the excitation process at R and those produced by this process at L. 
Such a difference in the behavior of the muscle beneath tlie two contacts 
must depend chiefly, if not entirely, upon factors tliat do not affect the 
muscle as a whole but act upon it locally. 

Excitation at R may differ from excitation at L citlicr as regards the 
magnitude of the change in the intensity of polarization produced, the 
dui’ation of the excited state, tlie form of the curve that represents de- 
polarization, or the form of the curve that represents repolarization. A 
large difference in the magaiitude of the change in the intensity of po- 
larization must produce pronounced displacement of that segment of 
the diphasic curve which is inscribed immediately after the initial de- 
flection (7) ends. In our subsequent discussion we shall assume that 
no such displacement is present and shall speak of the effects produced 
by local variations in the excitatory process as if they were due solely 
to a gradient affecting the duration of the excited state; in other words, 
to a difference between the velocity of the wave of depolarization and 
the velocity of the wave of repolarization. There is no apparent reason 
for supposing that the sum of the areas of the tivo monophasic euiwes 
and, therefore, of the initial and final deflections of the diphasic cuiwe 
is dependent upon the point of stimulation or upon the distance between 
the electrodes. 

Theoretical effects produced hy a muscle fiber immersed in a conduct- 
ing medium. We may think of a muscle fiber as made up of an arbitrary 
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iiuniber of muscle units or elements iilaced end to end, and of the effects 
produced by excitation of a muscle fiber as the sum of the effects pro- 
duced by excitation of the elements of which it is composed. Tlie electro- 
motive force generated b}'’ a single element at a given instant is pro- 
portional to the difference in the intensity of polarization at its two 
ends. We may regard the curve al>cd (Fig. 4) as representing the 
changes in the intensity of 2 iolarization that take place during excita- 
tion at one end of the element and the curve ef'y'h as representing the 
changes that occur, after an interval ae, at the otlier end. The electro- 
motive force generated bj^ the element will then be represented by the 
curve IF. The difference in potential between two electrodes in contact 
with a muscle fiber suspended in air is proportional to the algebraic sum 
of the electx’omotive forces generated by all the muscle units lying be- 
tween the electrodes. Upon this iiotential difference the electromotive 
forces generated by the other elements of the fiber have no effect. 

If, however, the muscle fiber is immersed in an extensive conducting 
medium, the situation is entirely different. Every muscle element pro- 
ducing an electromotive force will then contribute in some measure to 
the potential difference between tlie electrodes, which may be placed 
in contact with the fiber or merely in contact with the medium in which 
it is immersed. The electromotive force produced by a given element 
may be represented by a dipole or doublet located inside the element and 
so placed that its axis coincides with that of the muscle fiber. The 
strength of this doublet must be made proportional to the cross-sectional 
area of the element, to its length, and to the difference in the intensity 
of polarization at its two ends. If the medium about the fiber is suf- 
ficiently extensive, the effect of the doublet upon the potential of an 
electrode at any point will vaiy inversely as the square of the distance 
from the electrode to the element and directly as the cosine of the 
angle between the axis of the doublet and the line drawn from the 
electrode to the center of the element. 

Assuming that the relative position of the electrode and the muscle 
element does not change, the only variable factor among those that de- 
termine the effect exerted by tlie latter upon the potential of the former 
IS the difference in the intensity of polarization at the two ends of the 
element. Since this varies in accordance with the curve IF (Fig. 4), 
this curve may be regarded as representing the variations in potential 
of a single electrode, or the variations in the difference in potential 
between two electrodes, produced by the excitation of a single muscle 
element. Every curve obtained from a single fiber or from a group of 
fibers must therefore represent the algebraic sum of a very large num- 
ber of curves of this type, varying one from another in sign, in ampli- 
tude and in phase. We may, therefore, conclude that the sum of the 
areas of the initial and final deflections of any curve which represents 
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the excitation of tlie ventriciilai’ nuiscle is a measure of the effects pro- 
duced by local variations in the excitatory process, and particularly by 
local variations in the duration of the excited state. 

Effects produced by a muscle fiber located at the center of Einthoven’s 
triangle. Let us suppose that the immersed fiber lies in the wall of the 
heart, and therefore at the center of Einthoven’s triangle. For all prac- 
tical purposes the electrodes at the apices of this triangle may then bo 
regarded as equidistant from all the fiber elements. ^Ye may therefore 
represent the doublet generated by a given element at a given instant 
by a vector coinciding in direction Avith the axis of the doublet and 
pointing from the negative to the positive pole. The length of this vec- 
tor must be made proportional to the strength of the doublet at the 
given instant. The doublet represented by the sum of all the vectors 
generated by the different elements of the fiber will then represent the 
electromotive force produced at that moment by the fiber as a whole. 

If each elementary vector is given a length proportional to the prod- 
uct of a given ii\terval and the mean electromotive force produced by 
the corresponding element during that interval, the resultant vector Avill 
coincide in direction with the mean electrical axis of the fiber during the 
given interval and Avill have a length proportional to the manifest area 
of the deflections produced by the activities of the whole fiber during 
that period. If the fiber is of such a length that depolarization of all 
its elements is complete before repolarizatioAi begins at any point, the 
deflections produced by depolarization and those produced by repolariza- 
tion will be separable. The areas of the two sets of deflections in the 
three leads corresponding to the sides of the triangle will then furnish 
the data necessary for the determination of three vectors representing, 
respectively, the effects produced by depolarization, the effects produced 
by repolarization, and the effects produced by local variations in the 
excitatory process. The last of these vectors will be the sum of the other 
two. 

If the cross-sectional area of the fiber is unifomi, the vector Avhieh 
represents the effects produced by depolarization Avill coincide in direc- 
tion with, and will have a length proportional to, the sum of the two 
A^eetors dramr from the point Avhere the fiber first becomes active, the 
point of stimulation, to its tAvo ends. This is true Avhether the fiber is 
straight or curved. If there are no local A’^ariations in the excitatory 
process, the inverse of this A’^eetor aauII have the same direction and the 
same relative length as that derived from the areas of the deflections 
produced by repolarization. 

As an example of the effects produced by local variations in the ex- 
citatory state, consider those produced by a uniform gradient in the 
duration of the excited state. The Ametor Avhich represents the effects 
produced by this gradient will point from the end of the fiber where 
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systole is longer toward the end ivhere it is shorter, and will have a 
length proportional to the difference in the length of systole at the 
two ends. Neither the direction nor the length of this vector will he af- 
fected by the location of the point of stimulation. 

An illusti’ation may perhaps contribute to the understanding of the 
principles involved. Let AB (Fig. 5) represent a muscle fiber of uni- 
form cross-sectional area lying in the wall of the heart at the center of 
Binthoven’s triangle. If this fiber is stimulated at C, the effects pro- 
duced by depolarization will be represented by CD, which is the sum of 
the vectors CA and CB; the projections of CD upon the three sides of 
the triangle will be proportional to the areas of the deflections produced 
in the three leads by the depolarization process. Suppose that there is 
a uniform gradient in the duration of the excited state of such kind 



Pig-. 5. — ^Diagram illustrating the electrical effects produced by a muscle fiber lying in 
the body at the center of Einthoven’s triangle (see text). 

that systole is longer at A than at B by an amount equal to the time 
required by the depolarization process to spread from A to B. The 
time required by the repolarization process to spread from C to A 
against the gradient (in the direction in which the systole increases in 
length) will then be double that required by the wave of depolarization, 
and the effects produced by repolarization of this segment of the fiber 
will be represented by the vector AE which is twice as long as CA and 
opposite in direction. The time required by the repolarization process 
to spread from G to B (in the direction in which systole decreases in 
length) will be zero, for repolarization will begin at G and at B at the 
same time. The repolarization of this segment of the fiber will there- 
fore produce no effects whatsoever. The effects produced by the gradient 
will be represented by AB, the vector sum of AE and CD. The projec- 
tion of tlie vector AB upon any side of the triangle will be proportional 
to the sum of the areas of all the deflections produced in the correspond- 
ing lead by repolarization and depolarization of the muscle fiber. 
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It would be possible to extend this discussion to much more compli- 
cated cases, but space is not available for that purpose. We have en- 
deavored to make clear the course of reasoning which has led us to the 
following conclusions : The mean electrical axis of the QKS deflections 
gives the direction, so far as it can be represented in the plane of Ein- 
thoven’s triangle in which the depolarization process spreads over the 
average element of ventricular muscle. The mean electrical axis of T 
gives the inverse of the direction in which the repolarization process 



Pig. 6. — A continuous record showing the ventricular complexes referred to in 
Table 11. This series of complexes was obtained by rhythmic stimulation of the cen- 
tral region of the right ventricle after cutting! the right branch of the His bundle. 
Lead I is shown above and Lead III below. 

spreads over the average element of ventricular muscle. The manifest 
ai’ea of QRST is a measure of the effects produced by local variations 
in the excitatory process, and the mean electrical axis of QEST gives 
the direction of the line along which these variations are greatest. The 
conclusion that the manifest area and the electrical axis of QEST are 
determined by local variations in the excitatory process and are not 
affected by the order in which the various portions of the ventricular 
muscle pass into the excited state was tested in the following was’’: A 
lai’gc dog was anesthetized, and the heart was exposed by splitting the 


WILSON ET AL. : A^NTBIOULAR BEPLECTIONS OP ELECTROCARDIOGRAM 59 

Sternum and opening the pericardial sac. The right branch of the His 
bundle was cut, in the usual way, and the characteristic changes in the 
form of the ventricular complex were obtained. The central region of 
the right ventricle was then stimulated rhythmically at a rate only 
slightly different from the heart rate. In this wvay a series of ventricu- 
lar complexes, transitional in form between the complexes of right 
branch block, and those of the opposite type produced by right ventricu- 
lar stimulation, were recorded (Fig- 6). Leads I and III were taken 
simultaneouslj^, and the areas of QRS and T were measured. These 
areas and the data derived from them are shown in Table II. 

It was anticipated that the area of QRST, in both leads, the manifest 
area of QRST and the mean electrical axis of QRST would remain nearly 
constant. 

The observed variations in these quantities are shown in the table. 
It will be seen that they are of an irregular kind and show no relation 
to the form or the area of QRS. They are probably explained by errors 
in measurement due ehieflj’' to improper placement of the baseline, to 
the movements of the heart produced by rhythmic inflation of the 
lungs, and to a lack of uniformity in the movements of the ventricular 
muscle when contracting. It should also be pointed out that slight 
variations in the form of the T-Avave often occur from beat to beat 
without obvious cause ; these are due, in all probability, to variations in 
the factors responsible for local peculiarities in the excitatory state. 

In judging the significance of the observed variations in the area of 
QRST, it must be remembered that this area is obtained bj^' the algebraic 
addition of the area of QRS and the area of T, and is often veiy small 
in comparison with the absolute magnitude of the area that must be 
measured to determine its value. In the case of Complex 2 (Table I) 
the area of QRST in Lead III was found to be 36.5 m.v.s. The mean 
value of the area of QRST in this lead was 25.0 m.v.s. The difference 
between the maximum value (36.5) and the mean value (25.0) is, there- 
fore, approximately 50 per cent of the latter. The former value (36.5) 
was, however, obtained by measuring the area of QRS, which amounted 
to 136.0 m.v.s., and the area of T, Avhieh amounted to 99.5 m.v.s., a total 
area of 235.5 m.v.s. An error of 5 per cent in the determination of this 
total area would therefore account for the maximal variation in the 
area of QRST above its mean value observed in Lead III. The max- 
imum variation below the mean value (Complex 10) is less easily ac- 
counted for. When evei’ything is taken into consideration, however, the 
data obtained in this experiment will be seen strongly to support the 
view that the area of QRST is determined by local variations in the ex- 
citatory process, and is not dependent upon the area of QRS Avhich is 
determined by the order of ventricular excitation. 
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SUMMARY 

By measuring the areas of the ventricular deflections of the electro- 
cardiogram it is possible to determine the mean electrical axis of QRS, 
which gives the direction in which the excitatory process spreads over 
the average element of ventricular muscle, and the mean electrical axis 
of T, which gives the inverse of the direction in which the recovery 
process spreads over the average element of ventricular muscle. 

If all the ventricular muscle passed through the period of excitation 
in the same time and in the same way, the area of QRS and the area 
of T would be equal in absolute magnitude, but opposite in sign, and 
the area of QRST would be zero. The area of QRST is a measure of the 
electrical effects produced by local variations in the excitatory process. 
The mean electrical axis of QRST gives the direction of the line along 
which these local variations arc greatest. 

The local variations in the excitatory process which determine the 
mean electrical axis of QRST are dependent upon factors that act upon 
different parts of the ventricular muscle with different intensities. They 
are not materially influenced by the course of tlie excitatory process 
over the ventricular muscle. 
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STUDIES IN RHEUIilATIC HEART DISEASE 

An Analysis of 119 Hearts With Special Reference to the 
Relationship of Auriculae Fibrillation to Mitral Valvular 
Deformity and Certain Rheumatic Tissue Changes*' 

Clarence E. de la Chapelle, M.D., Irving Graep, M.D., and 
Antonio Rotting^ M.D, 

New York, N. Y, 

T he problem of tlie causation of auricular fibrillation has been ap- 
proached by numerous investigators from various points of vieiv. 
Anatomical studies^"® have demonstrated no specific lesion. Experi- 
mental and physiological studies^®"^® have developed the idea that auric- 
ular fibrillation is essentially a functional disturbance. It is generally 
conceded, however, that, although it may be a functional disorder, it is 
found more frequently in hearts that have been structurally altered by 
disease than in hearts anatomically sound. IMore recently statistical 
reports have been made,^®'®® based mainly on clinical studies and with 
particular emphasis on the varied etiology and prognosis. The general 
consensus of opinion of these analyses has been that there is apparent 
no common etiological factor. 

In this study the problem has been approached from a different stand- 
point. By making an essential^’- structural stud}’" of one form of 
heart disease, namely, rheumatic, an attempt has been made to answer 
certain questions ; 1. What is the relationship of the occurrence of auric- 
ular fibrillation to the presence of various grades of mitral stenosis or 
insufficiency? 2. What relationship has the occurrence of auricular 
fibrillation to age at death? 3. What relation has the occurrence of 
auricular fibrillation to the presence and grade of mitral stenosis or in- 
sufficiency in the various decades? 4. What relationship has auricular 
fibrillation to active rheumatic inflammation independent of the grade 
of valvular deformity? 5. Is there any relationship between the occur- 
rence of auricular fibrillation and the presence of cardiac lesions in ad- 
dition to mitral valvular deformity? 6. To Avhat extent does auricular 
thrombosis occur in hearts with auricular fibrillation, and is there a 
relationship to the degree of stenosis and active inflammation? 7. What 
is the mode of death of patients with auricular fibrillation, and is there 
any relationship to the presence of “rheumatic inflammation”? 

To lend significance to the answers to these questions, a group of 
hearts of patients with auricular fibrillation was compared ivith a larger 

*:i^om the Third (N. Y. U.) Division Pathological Service, Department of Pathology, 

and the Third (N. T. tl.) Medical Division, Bellevue Hospital. 
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one of hearts of patients dying with sinus rhythm. In this Avay dis- 
cernible differences betiveen the two groups may become apparent. 

The importance of the problem may be further inferred from the 
dicta-^’ concerning the relative immunity of patients with chronic 
progressive valvular disease and auricular fibrillation to the develop- 
ment of subacute bacterial endocarditis. A similar immunity has been 
noted^®’ iu patients who have severe mitral stenosis. Our inter- 

est in the problem was stimulated by the study of a recent case^® which 
was an exception to the former dictum. At that time we believed that a 
parallel which is drawn from the infrequencj’- of the association of sub- 
acute bacterial endocarditis and advanced mitral stenosis on the one 
hand, and auricular fibrillation on the other, must take into account the 
frequency of auricular fibrillation in the various grades of mitral stenosis. 

No attempt was made to duplicate the work of others who have 
studied the neuromuscular tissue, particularly of the sinus node, or its 
blood supply, or the nature of auricular lesions in various types of 
heart disease. 


MATERIAL AND METHODS OP STUDY 


One hundred and nineteen rheumatic hearts obtained at necropsy 
during the past thirteen years from the Third (New York University) 
Medical Division, Bellevue Hospital, were examined. Under this term 
are included those specimens exhibiting evidences of varying degrees of 
valvulitis in association with interstitial, vascular, or serosal inflam- 
matory changes or their end-results, in which no evidence was found 
of any demonstrable or specific bacterial inflammatory change or purely 
degenerative alterations. 


Wliile the sample is small for purposes of accurate statistical analy- 
sis, it is large, nevertheless, when considered from the standpoint of 
cases coming to necropsy from one medical service.^" "We are using the 
data for the trends that analj'sis may reveal. 

All the speeimens exhibited some degree of involvement of the mitral 
valve. Not all were from individuals ivlio were Iniown to have suffered 
from heart disease in life. The majority (75 per cent) died of conges- 
tive heart failure; the rest of a variety of diseases. All cases of bac- 
terial endocarditis were omitted, however, regardless of antecedent 
changes. Specimens of so-called pure aortic valve involvement were 
rejected because the etiology could not be determined. Forty-two hearts 
were from eases of established auricular fibrillation (not paroxysmal) ; 
of these, 36 were verified by electrocardiograms. In 27, fibriflation was 
present for more than one month prior to death, in some instances for 
several years, and in the majority for more than six mouths. Of the 
^ eleetroeardiographed, auricular fibrillation 


pedilTr|s (average 'bed' ca%^y of 

tion with New York University. ^ ® ^ years since its affllia- 
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was observed in 7 for from one to three weeks before death; the re- 
maining 2 patients died shortly after admission (two to six days) with- 
out a reliable history as to the approximate onset of fibrillation. For 
purposes of this report, 2 eases of established auricular flutter are in- 
cluded, one of three months’ the other of one year’s duration. 

Sex Incidence. — Of the 42 patients with auricular fibrillation, 21 were 
males and 21 females. Among the 77 cases of sinus rhythm, 51 were 
males and 26 females. The sex incidence, therefore, is similar to that 
in recent clinical studies.^^’ 

Age. — The average age at death of the 42 patients with auricular 
fibrillation was fortj^-three years; the ^mungest was ten, the oldest 
seventy years of age. The average of those with sinus rhythm was 
thirty-five years ; the extremes were seven and eighty years. Because of 
limited pediatric necropsy material, the number of hearts from children 
was small. (Table II shows the distribution of cases according to 
decades.) 

Incidence of Auricular Fibrillation in Mitral Stenosis. — ^Ninety-six of 
the 119 specimens exhibited some degree of mitral stenosis. In 39 (40 
per cent) auricular fibrillation was present. In the clinical study of 
DeGraff and Lingg,-^ 50.5 per cent of their 402 rheumatic cardiac pa- 
tients with mitral stenosis developed auricular fibrillation. Of 100 cases 
of mitral stenosis reported by Stone and FeiP® auricular fibrillation 
occurred in 53 per cent. Weiss and Davis®® in their report,^ including 
paroxysmal auricular filirillation or flutter, found an incidence of 57 
per cent in 164 necropsied cases of “the most advanced type of rheu- 
matic cardiac change.” 

Criteria for Pathological Diagnosis. — The grade of stenosis was esti- 
mated as severe, and slight to moderate. This was an arbitrary group- 
ing, depending upon the diminution in size of the auriculoventrieular 
orifice. We have found no single criterion or measurement satisfactory 
for estimating the degree of stenosis. Anyone who has attempted to 
establish the degree of stenosis by measurement is aware of the diffi- 
culties encountered. For example, one sees stenotic orifices which are 
caused by fusion of only slightly thickened cusps, the ring of the valve 
remaining within normal limits (Fig. 1). Converse]}’’, one encounters 


‘The report by these authors deals with material which is considerably different 
from that presented here. Their finding of “only 66 cases of mitral stenosis or the 
total 164 cases of marked rheumatic heart disease" is at such variance with our data 
that strict comparisons may not be made. As already stated, of 119 consecutive 
hearts of the rheumatic type examined by at least one, and in 90 per cent by .all of 
us, mitral stenosis was encountered in 96 cases, mitral insufficiency 7 times, and m lo 
cases inflammatory disease of the mitral valve, although present, was not associated 
with stenosis or insufficiency of the AV orifice. 

To Indicate that the discrepancy is not confined to material described here, refer- 
ence may be made to the anatomical .studies of valvular disease of Clawson, Bell and 
HartzelUh In a group of 166 hearts ■which may be termed of the rheumatic^ type, 18 
were cases of acute rheumatic endocarditis -without valvular defects ; 18 were identified 
as recurrent rheumatic, and 130 were classified under the term old valvular defects. 
If 32 cases of isolated ai):!!(: (Vi;-' :-.!'.- i'-!r, e of isolated pulmonary valve in- 

volvement are omitted on !i;.' su of ind- etiology, a group of 131 hearts is 
set up which may be c:m: idi !■■■,■ ('.\:!!!!i>l';j-- of rheumatic heart disease. Of 

these 88 had mitral stenc::ii-, :;i.i is!!ir:>! , 3 aortic insufficiency, and in the 

others disease produced no stenosis or insufficiency. 
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long-, narrow, slitlike orifices in which the circumference, as a result of 
cicatricial shortening of the cusps, approaches that of the ring (Fig. 2). 
Although both measurements may be practically normal, the degree of 
stenosis may be severe due to scarring and fixation in iiosition of the 
cusps. The final decision was based, therefore, upon all the factors 
contributing to anatomical diminution of the auriculoventricular orifices, 
such as the size of the valve opening compared to the size of the ring, 
the degree of approximation of the valve cusps to each other, the degree 
of fusion of the commissural junctions, fixation in position, and the 
presence or absence of free motion of the valve. (See Figs. 3 to 6.) 



Figs. 1-4. — Severe atrioventricular valvular stenosis. 

Fig. 1. — (Necropsy No. 16,573) Female, thirty-eight years. Severe "button-hole” 
type of steno.sis of the tricuspid valve due to obliteration of the commissures by fusion 
of the cusps. The leaflets are only slightly thickened ; the chordae tendineae are some- 
what thickened but not shortened. Tlie circumference of the valve oriflee is much 
smaller than that of the , ring. 

Fig. 2. — (Necropsy No. 12,251) Female, thirty-seven years. Severe "fish-mouth” 
type of tricuspid stenosis due to fusion at tlie commissures and marked rigidity of 
the valve as a result of flbrosis. Because of the retraction of the leaflets with short- 
ening, the circumference of the slitlike oriflee approaches that of the ring The 
chordae tendineae, most of which are not visible in the photograph, are only slightly 
thickened and of normal length. 

Fig. 3. — (Necropsy No. 19,889) Male, fifty-three years. "Funnel” tvpe of severe 
mitral stenosis with cicatricial contraction of both leaflets as well as ‘their chordae 
tendineae. Although there is some retraction of the cusps, t^ oriflee is maritedlv di 
minished because of the complete fusion at the commissures and fixation orfhe leafletr 

of thf mUr^^valve^with 'the' same^latfonsh'ip”o/orifl« 't'o rtag-Mln 
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In addition to the 96 specimens with some degree of stenosis, there 
were 16 specimens showing mitral valvulitis without stenosis (Pig. 7). 
Tliere was a third group of 7 specimens in wliieh tlie mitral valve was 
considered to be anatomically insufficient. In them there was fusion of 
the commissures with marked retraction of the leaflets and shortening 
of tlie chordae tendineae. In some instances adhesion of tlie posterior 



Figs. 5 and 6. — Jlikl to moderate atrioventricular valvular stenosis. 

Fig. 5. — (Kecropry No. 15, GST) Male, seventeen years. This ' ' ' • ' 

mild stenosis of tlie mitral valve due to thickening of tlie leafle' ' • ' 

at the commissures but tvitli definite retraction of the cusps so t • • 
of the margin approximates that of the ring. Several chordae tendineae are fused 
and shortened, and practically all are thickened. 

Fig. 6. — (Necropsy No. 17,445) Male, seventy-tlirce years. An example of moderate 
stenosis of tiie mitral valve due to cicatricial sliortening tvith fusion of tlie cliordae 
tendineae. The cusps are only slightly fused at the commissures and onl.v moderately 
sclerotic. 



Fig. 7. — Valvulitis without deformity. (Necropsy No. 10,302) Female, fourteen 
years, who died during first attack of rlieumatic fe^^er. The photograph presents ver- 
rucous endocarditis of the leaflets of the mitral valve without deformity. Although 
the valve is somewhat edematous, there is no encroachment on the lumen. Most of 
the cliordae tendineae are normal in length and thickness. 


cusp to the adjacent wall was found (Pig. 8). These clianges made 
valvular closure and stenosis impossible. The finding of various grades 
of auricular dilatation and the presence of endocardial pockets in the 
wall of the left aui’iele with apertures facing the valve orifice Avere ac- 
cepted as further anatomical etudence of regurgitation. 
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Ninety-two hearts were available for complete histological study. (Blocks were 
taken after the standardized procedure of Gross, Antopol and Sacks^^ consisting of 
10-12, and in most instances 15-18, which included the following sites in the heart: 
all valves and valve rings, pericardium of the left and right ventricles, left and 
right auricles, myocardium of the left and right ventricles, the interventricular 
septum, papillary muscles, base of the aorta and pulmonary artery, the neuromuscular 
bundle, and the coronary sinus.) 

The diagnosis of active rheumatic inflammationss-.'io was based on the finding 
of Ascholf bodies with collagenous necrosis or active valvulitis (nonbacterial), either 
superficial (verrucous), deep, or both, rvith or without active pericarditis. Various 
types of diffuse, nonbacterial valvulitis when associated with varj’ing degrees of 
myocardial interstitial cellular deposits, especially those adjacent to blood vessels, 
varying from the Aschoff body to collections of lymphocytes, plasma cells, eosino- 
philes, polymorphonuclear leucocytes, basophilic mononuclear leucocytes and histio- 
cytes, were also considered positive evidence of active rheumatic inflammation. 
Becent vascular lesions,35> 4o-43 particularly in the aorta, pulmonary artery and smaller 
vessels of other organs, when associated with carditis, were considered evidence of 
active inflammation. Cases were regarded as inactive (healed) when we found 



«• b. 


Pig. S. — Mitral Insufficiency. (Necropsy No. 17,539) Female, twenty-four years. 
An example of anatomical mitral insufficiency in which there is definite thickening of 
the valve leaflets with retraction and adhesion of the posterior leaflet to the underly- 
ing mural endocardium. The chordae tendineae are only mildly thickened and prac- 
tically normal In length. The circumference of the valve margin almost equals that 
of the ring (10 to 10.5 cm.), 

(a) A view of the intact mitral orifice as seen from above. The auricle was also 
markedly dilated. 

(h) This view presents the valve after section through the nildportion of the pos- 
terior leaflet to show the retraction of this cusp in particular and its fusion to the un- 
derlying ventricular wall. The arrow points to a pocketlike structure in the endo- 
cardium of the left auricle. 


perivascular and intrafascicular scarring of the myocardium, scarring and deformity 
of the vAlves with vascularization, without microscopic evidence of active inflamma- 
tion as described, healed pericarditis, healed aortitis, the latter two findings with 
characteristic lesions elsewhere. 


Several of the specimens which appeared to be inactive grossly presented definite 
evidence histologically of active inflammation, which reemphasizesss-as the need for 
careful and complete histological studies in deciding on the presence of active 
rheumatic inflammation. Conversely, what appeared to be verrucae grossly on 
histological study proved occasionally to be healed lesions. For this reason the data 
are analyzed from the standpoint of rheumatic inflammation only in the 92 hearts 
which were available for histological study. 
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ANALYSIS OF MATERIAL 

First, what is the relationship of the occurrence of auricular fibrilla- 
tion to the presence of various grades of mitral stenosis or insufficiency? 
About half of each rhythmic group was associated witli severe stenosis, 
and about one-third to one-fourth Avith mild to moderate stenosis, sug- 
gesting that the rhythm bore no relationship to the grade of stenosis. 
It appears that mitral stenosis or organic insufficiency is necessary, 
hoAvever, for the development of persistent auricular fibrillation in 
rheumatic heart disease, since there Avere no cases Avithout significant 
mitral A'-alAUilar deformity (Table I). 


Table I 

Eheumatic Hearts. Distribution op Cases According to Eiiytiim and Grade of 

3\IiTRAii Valve Deformity 


itlTR-AL A'ALVE DEFORMITY 

auricular 

FIBRILLATION 

SINUS 

RHYTH.At 

1 TOTALS 

>Severe Stenosis 

24 

(57%) 

38 

(49%) ' 


(Sl%) 

Mild — Moderate Stenosis 

15 

(3G%) 

19 

(25%) 

yo 

Insufficiency (organic) 

3 

( 7%) 

4 

( 5%) 

7 

( 6%) 

None 



1C 

(21%) 

16 

(13%) 

Total 

42 


77 


119 

1 * 


Second, what relationship has the occurrence of auricular fibrillation 
to age at death ? Of 42 hearts from eases of auricular fibrillation, tAvo- 
thirds Avere from patients over forty years of age; AA'hereas, of the 77 
specimens from cases of sinus rhythm, about one-third Avas from indi- 
Auduals over forty years of age (Table II). The average age at death, 
as alreadj’’ stated, Avas forty-three years in the former. Auricular fibril- 
lation Avas encountered, therefore, in patients dying AAuth rheumatic 
heart disease Avith greater frequency after than under the age of forty. 
These figures differ someAidiat from those given in the clinical studies of 
Stroud, Laplace aiid Reisinger”^ and DeGraff and Lingg.=® La the 
former, 35.2 years Avas the avei-age age at death in rheumatic heart dis- 
ease Avith auricular fibrillation ; in the latter it Avas 40 years. 

This material differs sharply, hoAvever, from that employed clinically. 
One reason for the difference may be that a rheumatic etiology Avas not 
knoAAui or even suspected in many cases during life. The clinical studies 
may be deficient in the number of older individuals, since auricular 
fibrillation, as is well knoAvn, makes the precise diagnosis of mitral 
stenosis difficult. This series includes patients, furthermore, of all age 
groups AAdiose death Aims not caused directly by heart disease.^" The clin- 
ical studies Avere limited in all probability to patients treated because 
they Avere suffering from heart disease and did not include ambulatory 

‘Several of the patients died of lobar pneumonia, some of cerebral hemorrhage, 
others of acute appendicitis, carcinoma of the stomach, carcinoma of the breast, acute 
and chronic diffuse glomerular nephritis, Henoch's purpura. Graves' disease, sepsis, 
and fractured skull. 












DE I/A CHAPELLB ET AE. : RHEUMATIC HEART DISEASE 


69 


patients unaware of its iiresence. Cases of bacterial endocarditis ivere 
also, as already stated, omitted from this series. In a recent report of 
Stone and FeiP'’ of 100 autopsied eases of severe mitral stenosis, the 
average age was 40.6 years. 

Third, wliai relation has the occurrence of auricular fibrillation to the 
p)-esence and grades of mitral stenosis and insufficiency in the various 
decades? When the grades of stenosis in the specimens from the auric- 
ular fibrillation group were compared as to frequency under and over 

Table II 


Mitral Valto Deformity. Ca.ses Arranged According to Degree of Deforjiity 

AND Age in Decades 


MITRAL 

VALVE 

DEFORMITY 

CASES OF AURICULAR FIBRILLA- 
TION 

CASES OF SINUS RHYTHM 

DECADES 

DECADES 

11 

III 

IV 

V 

VI 

VII 

I 

II 

HI 

IV 

9 

VI 

VII 

VIII 

IX 

Severe 

Stenosis 

T 

4 

5 

5 

6 



6 

7 

14 

9 

3 

■ 

1 

IH 

1 

2 

1 

6 

2 

3 


4 

1 

2 

3 

4 

4 

1 

Insuffi- 

cienc3' 

1 

1 


■ 

H 

■ 

1 

2 

1 

1^ 

9 

9 



Total 

3 

7 

6 

11 

9 

6 

1 

12 

9 


n 

B 


2 


^ --- - V- - ^ J J 

16 26 38 23 


1 None 1 0 | 

0 1 0 

1 0 1 0 1 0 1 

10 1 

5 1 2 1 4 1 

2 1 2 1 0 j 1 ! 

Under 40 

Over 40 


Under 40 

Over 40 

Severe 

10 

14 


27 

11 

Mild — Moderate 

4 

11 


7 

12 

InsutHeiency 

2 

1 


4 

0 

No stenosis 

0 

0 


11 

5 


forty years, stenosis in the younger group ivas more often severe than 
mild (10 of 14 specimens, ratio of 2.5:1), while over forty years the 
incidence approached equality (14 to 11 hearts). In the sinus rhythm 
group, however, severe stenosis was encountered even more frequently 
under the age of forty (27 to 7, ratio 4:1), over forty years it was like 
the fibrillating group (11 to 12, ratio 1:1) (Table II). There is, in 
short, no relation between tlie existence of auricular fibrillation and the 
grade of stenosis in various decades. Most cases of severe stenosis under 
forty years fall, moreover, in the sinus rhythm group (27 to 10). 

Fourth, what relationship- has auricular fibrillation to active rheumatic 
mfiamma-tion independent of the grade of valvular deformity? Of those 
cases of auricular fibrillation which were studied microscopically 17 
about half, exhibited some grade of valvular deformity and showed 
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active inflammation; Avhereas, of 48 eases of sinus rhjfllim with some 
grade of valvular deformity, 30, or three-fifths, presented evidence of 
active inflammation (Table III). 

Evidence of rheumatic inflammation in cases of auricular fibrillation 
was present in all 12 specimens under the age of forty years, and in 5 
of 19, or one-fourth, over the age of forty years. This group is neces- 
sarily small, because only those eases were admitted in which a histo- 
logical study was made. In eases of normal rhythm, evidence of in- 
flammation (activity) was seen in 34 of 41 hearts under forty years and 
in 8 of the 20 specimens from i>atients over forty years. It is inter- 
esting that of the 12 cases of auricular fibrillation under forty years 
which were studied histologically, 9 showed active myocarditis, and of 
these 7 had Aschoff bodies; whereas of the 19 eases over the age of forty 
years studied histologically only 4 had active myocarditis and of these 
2 had the submiliary myocardial nodules. In the sinus rhytJim group 
of 41 cases under forty years, 25 showed active myocarditis and in 21 
of these Aschoff bodies were found; while of those over forty years, 5 
exliibited active myocarditis and in one there were nodules. These 
findings suggest that in older subjects active I’heumatic inflammation is 
not a determining factor in tlie development of auricular fibrillation. 

Wlieu the grade of severe stenosis in relationship to aetivity is studied, 
active inflammation was found in a ratio of 1.4:1 (10 to 7) in the fibril- 
lation group, and in eases of sinus rhythm, in a ratio of 2:1 (20 to 12). 
In moderate stenosis, activity was found in 5 of 11 specimens from 
eases of fibrillation and in 6 of 12 of sinus rhythm. Of 53 cases under 
forty years there were no inactive cases among the fibrillators, whereas 
in the sinus rhythm group there Avere 7. Past the age of forty years in 
both rhythmic groups there Avere 39 cases, and of these 26 Avere inactiA'’e 
by the criteria used. This may be interpreted as shoAAdng that under 
forty years auricular fibrillation may he a manifestation of rliewnaU'c 
activity in the presence of rheumatic structural cardiac changes in indi- 
Auduals dying in congestive heart failure. 

No special histological features Avere found differentiating the hearts 
of the fibrillating from those of the sinus rhythm group. A strict his- 
tological comparative examination of the auricles has not been made, 
hoAvever, in this study. 

Fifth, is there any relationship between the occurrence of auricular 
fibrillation and the presence of cardiac lesions^'’ in addition to mitral val- 
vular defonvity? For the ansAver to this question the gross material of 
119 specimens has been analyzed again (Table IV). In the auricular 
fibrillation group 57 per cent and in the sinus rhythm group 51 per cent 
showed significant associated cardiac lesions. Aortic AmNe deformity 
occuri’ed more frequently in the sinus rhythm group (30 times against 

*The other cardiac lesions, both valvular and pericardial, were examined and classi- 
fied using- the same criteria employed in the study of the mitral valve. 



Eheumatic Activity. Relation to Rhythm and Degree of Mitral Valve Deformity According to Age 

(Based on Histological Study) 
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JO oojSoq; 


17 active 14 inactive 30 active IS inactive 

13 cases withcnit mitral valve defect studied 
microscopically. 

12 active 
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17 ) . It is interesting to note that tlie relative incidence in each rhythmic 
group for aortic valve involvement is about the same (40 per cent). 
The same is true of combined aortic and mitral valve disease. Adlierent 
pericardium occurred more frequently in the sinus rhythm group (14 
times against 7). 

Table IV 


Distribution op Cases op Mitral Valve Deformity With and Without Associated 
Cardiac Lesions According to Lesion, Lhythm and the 
Presence op Bheumatic Activity 



AURICULAR FIBRIL- 

REGULAR SINUS 


LATION 


RHYTHM 


AC- 

INAC- 

TO- 

AC- 

INAC- 

TO- 

CARDIAC LESIONS 

TIVE* 

TIVE* 

TALf 

TIVE* 

TIVE* 

TALi 

Mitral and aortic stenosis 

4 

5 

10 

13 

2 

18 

Mitral stenosis; aortic insufficiency 

1 


1 

1 

1 

2 

Mitral and tricuspid stenosis 

1 


2 



1 

Mitral and tricuspid insufficiency 

1 


1 




Mitral, aortic, and tricuspid stenosis 

1 


3 

1 

1 

2 

Mitral stenosis ; adlierent pericardium 



3 


1 

0 

Mitral insufficiency ; adherent pericardium 




3 


3 

Mitral and aortic stenosis; adherent peri- 

1 

1 

2 

3 

2 

5 

eardium 







Mitral and tricuspid stenosis ; adherent peri- 

1 


1 




eardium 







Mitral, aortic, and tricuspid insufficiency; 
adherent pericardium 

Mitral, aortic, and tricuspid stenosis; ad- 
herent pericardium 

1 


1 

1 


1 

No mitral valve deformity; adherent peri- 




1 

1 

3 

eardium 







No mitral valve deformity; aortic insuf- 




2 


2 

dciency 







Mitral stenosis 

5 

7 

16 

8 

11 

27 

Mitral insufficiency 

Mitral valvulitis ivith no deformity 

1 

1 


9 


11 

Totals 

17 

14 

42 1 

42 

19 

77 


* = studied histolog'ically. 

t = Includes cases studied macrosconically only. 


Cases showing organic disease of tricuspid valve (stenosis, insuffi- 
ciency, or both) were encountered more often in the relatively small 
auricular fibrillation group than in the much larger sinus rhythm group 
(8 times against 4). 

In the sinus rhjfihm group the majority of hearts (26 of 39) with 
multiple lesions appeared below the age of forty years. (Table V.) In 
the auricular fibrillation group they wei’e, however, evenly divided above 
and below forty years. Cases ivere found in both groups late in life. 
(Table VI.) More active eases with multiple cardiac lesions were found 
in the sinus rhythm group than among the fibrillators, under the age of 
forty years. (Table V.) The relative incidence, however, of active eases 
in each rhythmic group was the same. There was only one case with 
multiple lesions under forty years which was inactive, and it fell in the 
sinus rhythm group. In contrast there were 7 inactive among 12 uneom- 
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plicated cases of mitral stenosis in tlie sinus rhythm group under the 
age of forty years. As already stated, all the cases under forty years 
among the fihrillating group were active. 


Table V 


Miteal Vilve Deforjiity. Comparison of Gases With and Without Associate 
Cardiac Lesions According to Presence op Bheumatio Activity, 
Ehythji, Under and After Age 40 




auricular 

FIBRILLATION 

SINUS 

RHYTHM 



UNDER 

40 

AFTER 

40 

under 

.40 

1 Alu'liliv 

j 40 

Hearts ivith multiple 

Gross cases 

12 

12 

26 

13 

lesions 

* Active 

9 


21 



*Inactive 

0 

G 

1 

/ 

Hearts with mitral valve 

Gross cases 

4 

14 

15 , 

12 

deformity alone 

*Active 

3 

3 

5 

o 

* In active 

0 

G 

7 

4 


♦Includes only cases studied histologlcallj'. 


Table VI 


Miteal Valto Deformity. Distribution in Decades of Cases With and Without 

Associated Cardiac Lesions 


AUEICULAR 

FIBRILLATION 


SINUS 

RHYTHM 

MITRAL VALVE 
ALONE 

MITEAL VALVE 
AND ASSOCI- 
ATED LESIONS 

DECADES 

MITEAL VALVE 
ALONE 

MITRAL VALVE 
AND ASSOCI- 
ATED LESIONS 



1-10 


1 


3 

10-19 

3 

11 

4 

3 

20-29 

4 

5 


6 

30-39 

8 

9 

6 

5 

40-49 

4 

5 

5 

4 

50-59 

3 

6 

3 

3 

60-69 

4 

1 


0 

70-80 

1 

1 


Sixth, to ivhat extent does auricular thrombosis occur in hearts with 
auricular fibrillation, and is there a relationship to the degree of stenosis 
and active inflammation? Thrombi ivere observed in one or both auri- 
cles, or in their appendages in 12 per cent (15 of 119) of all the eases; 
10, or 24 per cent, in the auricular fibrillation group, 9 exliibiting signs 
of active rheumatic inflammation, and 5 in the sinus I’hytlim group, 3 
being active. Combining both groups, 14 of the 15 specimens presented 
some degree of mitral valvular deformity. Nine showed severe, 5 mild 
to moderate stenosis, and 1 showed anatomical mitral insufficiency. In 
the auricular fibrillation group, 6 of the 10 hearts exliibited severe 
stenosis; in the sinus rhythm group, 3 of the 5 specimens. (Table VII.) 

The average age in the auricular fibrillation group with auricular 
thrombosis was 39.7 years, the extremes being 18 and 52 years ; that in 
the sinus rhythm group was 41.8 years, the extremes 17 and 63. Three- 
fourths of all the^ cases occurred in individuals past forty years of age. 

Seventh, what is the mode of death of patients ivith auricular fbrilU- 
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lion, and is there any reUiiionship to the presence of “rheumatic inflam- 
mation“? In fibrillation, congestive heart failure was the mode of death 
in 88 per cent, whereas in sinus rhythm, it was 68 per cent. Approxi- 
mately half of each group presented histological signs of active rheu- 
matic inflammation. It is of special interest that in the group with 
auricular fibrillation under the age of forty years all died in congestive 
heart failure and showed evidence of active rheumatic inflammation. 


Tahle VII 

Auriculau Thkomrosis IX Both Hiiythmjc Group.? 


rhythm 

NO. OF 

CASES 

A'ALAT. DEFORMITY 

RHEUMATIC in- 
flammation 






ACTIVE 

INACTIVE 

Auricular fibrillation 

10 

6 

o 

1 

9 

1 

Regular sinus rhythm 

0 

3 

2 

0 

3 

2 


Evidence of active inflammation was found also in all the sinus rhythm 
eases, Avith one exception, under forty years dying in congestive failure. 
The exception was an inactive ea.se Avith acute heart failure occurring 
during labor and associated AA'ith paroxysmal tachycardia. 

The mode of deatli in the younger patients is undoubtedly referable 
to the more diffuse iuA'olA'cment of the myocardium by the inflammatory 
process. As stated in the ansAver to question 4, active myocarditis and 
Aschoff bodies are rare findings in the individual past forty years and 
are all too common in those under this age. The older indiA’iduals must, 
therefore, be suffering from the effects of disease states superimposed on 
the old rheumatic tissue changes, degenerative changes, or the Avearing 
out effects of long-standing organic defects of the heart, as aa'cII as dis- 
orders of rhythm. 

COMMENT 

It becomes apparent from the data presented that a number of fac- 
tors play a role in the deA^elopment of persistent auricular fibriUation 
in rheumatic heart disease. While the grade of stenosis of the mitral 
valve orifice aa'hs not found to be related to the presence of established 
auricular fibrillation, some degree of Amlvular deformity appears to be 
requisite for its appearance (Table I). To reiterate, cases of paroxys-' 
mal auricular fibrillation Avei’e not included. 

In the material studied, patients over 40 years Avith auricular fibril- 
lation were encountered more frequently (26 against 16) than Avere 
those under this age, and more fi’equentlj’’ (62 per cent against 36 per 
cent) than eases of sinus rh 3 ’'thm (Table II). Further, cases AA'ith mitral 
valvular deformity over the age of forty years occurred more frequently 
in the auricular fibrillation group (26 against 23). These deductions 
tend to shoAv that age (including the duration of the disease) may play 
a determining role in the development of the abnormal rhythm. 
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Of particular interest, though the eases are few, is the analysis of 
the distribution of active cases. All the patients under the age of forty 
years with auricular fibrillation shoived active rheuinatic carditis , in 
contrast, 17 per cent were inactive in the sinus rhythm group. Since 
all of the active cases in the auricular fibrillation group died with some 
degree of congestive failure and showed widespread carditis, it may be 
reaffirmed that active rheumatic inflammation either precipitates con- 
gestive failure or by progressive myocardial impairment leads to its de- 
velopment. This is of importance in a consideration of prognosis and 
the treatment of young patients. 

The presence of active rheumatic inflammation in the younger pa- 
tients with auricular fibrillation may shed some light on the immune 
processes and the develoiiment of subacute bacterial endocarditis. This 
immunity is apparent and may be due merely to the fact that they are 
suffering from an antagonistic state, namely, active rheumatic carditis. 
This explanation does not apply to cases over forty years, since fewer 
active eases were found past middle life. HoAvever, the recent evidence 
of Saphir and ’Wile,'*’^ a report of cases of subacute hactei’ial endo- 
carditis in children and young adolescents showing coexisting rheu- 
matic tissue changes, indicates need for caution in using anatomical 
evidence to test an immunological hypothesis. 

Directly related to this question is the apparent immunity to bac- 
terial endocarditis of patients with high-grade mitral stenosis. Fulton 
and Levine-^ have already expressed the opinion, similar to that in the 
preceding paragraph, that this immunity is based on the persistence of 
a local rheumatic process in the mitral valve rvhich might be antagonistic 
to the development of bacterial endocarditis. A studj’’ of 49 cases of 
severe mitral stenosis lends support to this view (Table III). The 
active were to the inactive as 30 is to 19, a ratio of 1.5 :1. 

No relationship has been found between the two tjTpes of relatively 
immune hearts ; that is, those with auricular fibrillation and those with 
severe mitral stenosis. This point is to be emphasized in view of the 
opinion expressed by Stone and FeiP” that the rarity of auricular fibril- 
lation in subacute bacterial endocarditis may be explained in part by 
the rarity of subacute bacterial endocarditis in advanced mitral stenosis, 
arguing that auricular fibrillation is definitely more common in mitral 
stenosis, especially in advanced eases. It is to be seen, however, that 
the incidence of auricular fibrillation in their omi selected group of 100 
eases of severe mitral stenosis was 53 per cent, and no mention is made 
concerning the duration of the abnormal rhythm. Further, no distinc- 
tion is made between the occurrence of auricular fibrillation as a tran- 
sitory phenomenon in subacute bacterial endocarditis and the develop- 
ment of this disease in patients with the estaUislied rhythmic disorder. 

It is worthy of emphasis that no cases of auricular fibrillation were 
encountered under the age of forty years without signs of active rheu- 
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malic inflammation. As a mailer of fact, the only ease of fibrillation in 
rheumatic heart disease under forl.y years wHhoui activity, wliich ive 
have studied,-® was one in wliich bacterial endocarditis developed. 

From the point of view of rhythm no significant rclationsliip has 
been found to exist between the pre.sencc of any one or more associated 
lesions and active rlieumatie carditis. One as.soeiated le.sion appeared to 
liear a relalion.ship to the rhythm, namely organic disease of the tri- 
cuspid valve; it is interesting that of S cases with tricuspid involve- 
ment which were studied histologically, seven were active. 

]\IuraI thrombosis in the material studied was confined to the auricles. 
It was encountered most often in the fibrillators with severe mitral 
stenosis and active carditis. Wei.ss and Davis,'' in a study based on an 
analysis of necropsy iirotoeols of 164 patients dying from rheumatic 
heart disease, reported organized mural thrombi in 30 cases. Of the 2a 
in their group in which the rhythm was determined, 22 showed auric- 
ular fibrillation. Using a combination of clinical and some pathological 
criteria, they staled that activity was ])ro.scnt. in only 18 per cent of 
their eases with auricular thrombi contrasting with activity of 47 per 
cent of their entire series of rheumatic hearts. The discrepancy be- 
tween their results and the analysis presented here may be accounted 
for by the fact that their pathological data were taken from necropsy 
protocols and may not have been so comprehensive as the present study 
from this standpoint. 


SUMMARY AND CONCLUSIONS 

An analysis based on the study of 119 consecutive rheumatic hearts 
obtained at necropsy has been correlated with the cardiac rhythm. Cor- 
relations have been made with the grade of mitral vahmlar defect, age, 
presence of rheumatic inflammation in the heart and blood vessels, asso- 
ciated cardiac lesions, auricular thrombosis, and the mode of death. 

It is shown that the occurrence of auricular fibrillation bears no rela- 
tionship to the grade of mitral stenosis. Stenosis or organic insuffi- 
ciency of the mitral valve is necessaiy for the development of persistent 
auricular fibrillation (not the transitory form) in rheumatic heart dis- 
ease. 

Aui'icular fibrillation in rheumatic heart disease is encountered with 
greater frequency in persons past middle life. 

Auricular fibrillation is a usual manifestation of rheumatic activity 
in the presence of rheumatic stimctural cardiac lesions in individuals 
under forty years of age djdng in congestive heart failure. 

Significant organic disease of the tricuspid valve associated with 
mitral valvular disease is found more frequently among patients with 
auricular fibrillation than in those with sinus ,rhji;hm. 
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Atu'ieiilar tlirombosis in rheumatic heart disease is encountered most 
frequently in the hearts of individuals with auricular fibrillation, severe 
mitral stenosis and evidence of active rheumatic inflammation. 

The trends seen in the data are discussed in relation to the etiology 
of the abnormal rhythm in rheumatic cardiac patients and in relation 
to clinical dicta concerning the relative immunity of certain types of 
rheumatic cardiac patients to the develojiment of subacute bacteiial 
endocarditis. 
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THE HEARTS OP RICKSHA PULLERS 

A Study of the Effect op Chronic Exertion on the Cardiovascular 

System*' 

C. L. Tung, M.D., C. K. Hsfeh, M.D., C. W. Bien, M.D., and 
F. R. Dieuaide, M.D. 

Peiping, China 

introduction 

O UR interest in the effect of prolonged physical exertion on the 
human cardiovascular system was aroused in 1930, when one of us 
(C.L.T.), in the course of routine phj’-sieal examinations, found a mai'k- 
edly enlarged heart in an otherwise healthy ricksha puller employed in 
one of the departments of the College. This led to the studj’' herein re- 
ported. 

That physical exercise has an effect on the cardiovascular system has 
been realized for a great many years, but as to precisely what this effect 
is, opinions even today are divided. As early as 1628 Haiwey^ in his 
Aiiaio^ivical Studies on the Motion of the Heart and Blood stated: “So 
all animals, man included, that have a stronger and more sturdy frame, 
with large, brawny limbs some distance from the heart, have a more 
thick, powerful, and muscular heart, as is obvious and necessary. On the 
contrary, those whose structure is more slender and soft have a more 
flaccid heart, less massive and weakei’, ivith few or no flbers internally ’ ’ 
(referring to the chordae tendineae and papillary muscles). Since the 
time of Harvey a mass of literature concerning the effect of exercise on 
the hearts of animals and of men has appeared. For a fairly complete 
bibliography the reader is referred to Chronic Effects of Exercise by 
Steinhaus^ and to The Physiology of Muscular Exercise by Bainbridge 
and others.® 

All data derived from studies of animals show that prolonged exertion 
produces cardiac hypertrophy. Animals in the wild state are loioivn to 
possess relatively larger heart weight to body weight ratios than their 
domesticated relatives. The heart of the wild hare, for instance, is three 
times as heavy, relative to body weight, as that of the tame rabbit. Birds 
that fly great distances have much larger hearts in comparison with 
birds that lead a quiet life. Herrmann^ demonstrated that heart weight 
to body weight ratios in racing greyhounds are considerably greater than 
the figures usually given for dogs. He weighed the hearts of ten thor- 
oughbr ed greyhounds and found an average of 13.8 grams of heart 
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per kilogram of body weight, Avliieli is considerably above the average of 
7,98 for 200 normal mongrels. AVhile the maximum ratio of the 200 
mongrels was 9.98, the most successful runner among his greyhounds 
had a ratio of 17.3. From studies of the heart weight to body weight 
ratios of a large number of various animals, both young and full grown, 
Herrmann concludes that there is some fundamental relationship be- 
tween the activity of individual mammals and their heart weight, body 
weight ratio, and that the more sluggish the animal, the smaller is the 
ratio. Even young grejdiounds who have been confined to small kennels 
have relatively large hearts.'^ 

In experimentallj’' controlled studies on animals, Kiilbs® in 1906, 
Grobcr’ in 1908, and Thbrner® in 1930 all showed that the heart weight 
to body weight ratios of dogs exercised by running were markedly 
greater than those of their litter mates who received no exercise. Seehcr® 
in 1923 first demonstrated that cardiac hypertrophy experimentally pro- 
duced by exercise would regress after adequate rest. Twenty-two rats 
were given daily running exercise for about sixty days, after which all 
were retired to inactivity. Small groups were then killed at intervals up 
to seventy-five daj's. In those killed immediately the heart weight con- 
stituted 5 to 6 per cent of the body weight. This percentage decreased 
until the forty-eighth day, wdien it reached the normal value of 3.3 to 
3.5 per cent. Secher’s findings were confirmed and extended by Stein- 
haus and his eoworkers^®’ ” who studied the effects of running and 
swimming on the hearts of growing dogs. Pour litters consisting of 
three dogs each were used. One Avas exercised by running, a second by 
SAvimming, Avhile a third served as a control. All the dogs were per- 
mitted to play for a brief period tAviee a day in the open yard. Koent- 
genograms Avere secured biAveekly throughout the observation, Avhieh 
lasted one and one-half years in most cases. The results Avere cheeked 
by post-mortem findings. The roentgenograms shoAved that strenuous 
exercise led to enlargement of heart, beyond that AA'hich was accounted 
for by the gi*OAvth euiwe, Avithin three to fiA'e Aveeks after the beginning 
of exercise. "Whenever exercise AA’-as discontinued, there AA^as a regression 
of the heart area in relation to the body Aveight ciu’A^e. Autopsy revealed 
that exercise induced true Avork hypertrophy of the heart inA’^olving both 
A’^entricles, AAuth a slight excess in faA'or of the left side. The enlargement 
Avas more marked in sAvimmers than in runnel’s. There Avas no indica- 
tion of comparable hypertrophy of the skeletal musculature of the 
limbs. 

In I’egard to the effects of exercise on the human eardioALascular sys- 
tem, published findings are not so consistent as those for experimental 
animals. In explanation Steinhaus- mentions tAAm probable factors: 
first, the shadoAv of the heart in man fuses at its loAver border AAuth that 
of the diaphragm; and second, conclusions IiaAm been draAAui from com- 
parisons of athletes’ heai’ts AAutli a large Amriety of so-called normal 
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standards. Two other considerations may be mentioned. First, it is 
very rare to obtain necropsies of vigorous athletes Avho meet an acci- 
dental death. Second, slight to even moderate hypertrophy may occur 
during life, but not be particularly obvious even on roentgen-ray ex- 
amination unless dilatation is also present. As to the immediate effects 
of strenuous exercise on the size of the heart, Gordon, Levine, aud 
■Wilmaers^- showed it to be reduced immediately upon cessation of exer- 
tion, probably because of sudden diminution of venous return to the 
heart. 

There are in general three schools of opinion in regard to the chronic 
effects of exercise on the cardiovascular system. First, Gordon, Kaut- 
mann, and others^”’ hold that the heart size of heavy workers and 

athletes in general falls within the range for normal individuals ol: the 
same size and age. Deutseh and Kauf,’^® Avho examined several thousand 
athletes at the Vienna heart station and 32 athletes at the 1928 Amster- 
dam Olympic Games,^^ hold that the heart shadows of trained athletes 
average larger than those of similarly built ordinary individuals. Ac- 
cording to them enlargement is most noticeable in those long engaged ii\ 
endurance sports, such as oarsmen, skiers, and cyclists. They interpret 
this enlargement as dilatation associated with, or brought on by, vagotonia 
in athletes, since the enlargement usuallj’- subsides (though never com- 
pletely) after several weeks or months of rest, and since bradycardia is 
such a common finding in athletes.^® Herxheimer^® represents the third 
group who hold that strenuous exercise produces true hypertrophy of 
the heart. He studied 171 participants in the German games oH 1922, 
12 professional six-day bicycle racers, and 249 Olympic athletes at 
Amsterdam in 1928. Eimer’s-® investigation of 300 athletes led him in 
the same direction. Herxlieimer^^ presented the theory that exercises of 
strength or speed induce hypertrophy of skeletal muscles and only to a 
small extent of the heart muscle, whereas exercises of endurance cause 
cardiac hypertrophy without much effect on skeletal muscles. Aeker- 
mann^- measured the hearts of oarsmen before and after a season of 
training. About half, mostly the younger men, showed definite enlarge- 
ment at the end of the season. 


TWO EASE REPORTS 


The following eases are reported as of special interest to the problem. 

Case A. (No. 43 of the tables). A healthy Chinese male employee of forty- 
five years, came for routine examination in April, 1930, with negative past and 
present histories. No cardiovascular or other complaints. Had been pulling a 
ricksha for about seven years, ndth an average of about four hours’ actual running 
per day. Well developed and fairly well nourished. The only positive findings 
were moderate cardiac enlargement to the left and a slow heart rate, 48 per min- 
ide. Heart sounds of good quality. No murmurs. No detectable arteriosclerosis. 

mal. Blood Wassermann reaction negative. A teleroentgenogram of the heart 
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(Fig. 1) showed a cardiac area on the frontal plane of 151.6 sq. cm., 47 sq. cm. 
above the estimated normal value for his height and weight. The cardiothoracie 
ratio of Danzer Avas 0.56. Although the man had no symptoms or signs pointing 
to cardiac insufficiency, it was thought that he should give up ricksha pulling. He 
was consequently transferred to an indoor occupation which necessitated no sig- 
nificant physical activity. 

Further examination in April, 1933, three years after cessation of ricksha pull- 
ing, showed that the individual was in good physical condition. His heart was 
still enlarged to the left, though it appeared to be smaller than it had been three years 
before. The teleroentgenogram (Fig. 2) taken with the same technic showed a 
frontal heart area of 127.7 sq. cm., 23 sq. cm. oversized, but smaller than in 1930 
by about 24 sq. cm. From the roentgenographic appearance, although the heart 
as a whole was reduced in size, the decrease involved chiefly the left ventricle. 
Electrocardiograms taken in 1930 and in 1933 revealed nothing rojnarkable. 



Eig. 1. Fig. 2. 


Fig. 1. — Case 43a. Ricksha puller for seven years. April 13, 1930. Estimated 
cardiac area 104.65 sq. cm. Measured area 151.60 sq. cm. Heart oversize 47 sq. cm., 
or 45 per cent. Cardiothoracie ratio 0.56. 

Fig. 2. — Case 436. April 25, 1933, after three years of inactive occupation. Es- 
timated cardiac area 104.84 sq. cm. Measured area 127.70 sq. cm. Heart oversize 
22.86 sq. cm., or 22 per cent. Cardiothoracie ratio 0.54. 

Case B. — (Hosp. No. 40,272, not included in the group studied). A Chinese 
man, aged forty-seven years, admitted to the Surgical Service for anal fistula of 
twenty-nine years’ duration. No complaint, except for the local condition. No 
symptom referable to the pulmonary or cardiovascular system. Venereal exposure 
denied; no intravenous medication. X-ray examination of the chest for tuberculosis 
revealed no evidence of tuberculosis, but a moderately enlarged heart, involring 
especially the left ventricle, both in frontal view and in left anterior oblique view, 
and marked enlargement or bulging of the ascending portion of the aortic arch 
(Pig. 3). Estimated cardiac area 98.94 sq. cm. and measured area 133.90 sq. cm., 
an increase of 35 sq. cm. Cardio-thoracic ratio 0.59. Diameter of the aortic 
shadow $.2 cm. 

Examination by tlie medical consultant showed no dyspnea or cyanosis. Paint 
pulsation in the right third interspace, but no thrill felt. Precordial impulse felt 
in the fifth and sixth intercostal spaces, 3 cm. beyond the midelavicular line. There 
was rctromanubrial dullness and also dullness extending about 4 cm. to the right 
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of the midsternum in the second, tliird, and fourth intercostal spaces. Heart sounds 
of good quality; no accentuation or change in the quality of the aortic second 
sound. No murmur. Heart rate about 57, rliythm regular. Blood pressure 128 
mm. Hg systolic and 72 mm. diastolic. No evidence of peripheral arteriosclerosis; 
no congestion of any viscera; no peripheral edema. No anemia or polycythemia. 
Urine normal. Ocular fundi showed slightly tortuous veins, normal in size; arteries 
apparently slightly narrower than usual; mild Gunn’s crossing signs. These find- 
ings impressed the examiner as suggesting early primary hj’pertension. Both blood 
Wassermann and Kahn reactions negative on three occasions, about a month apart. 
Spinal fluid entirely normal, with flat colloidal gold and gum mastic curves and 
negative Wassermann reaction. Electrocardiogram showed sino-auricular rhythm, 
rate 57, auriculoventrieular conduction time 0.21 second. 

On inquiry it was found that the patient had been an active ricksha puller for 
eighteen years, with an average of about four hours’ actual running per day. How- 



tI' ^ase reports; not in the tables). Ricksha puller for eighteen 

jea:s. Estimated cardiac area 98.94 sq. cm. Measured area 133.9.0 sq. cm. Heart over- 
size 35 sq. cm., or 35 per cent. Cardio thoracic ratio 0.59. Note the bulging of the 
ascending portion of the aortic arch. 


ever, he insisted that he had always been in excellent health except for the anal 
fistula. Although it is possible that this patient may have syphilitic cardiovas- 
cular disease, it is extremely unlikely. It seems that the aortic dilatation and 
cardiac enlargement may well be the result of the patient’s life as a ricksha 
puller. 


MATERIAE AND METHODS 

111 an effort to throw further light on the problem of the effects of 
prolonged exertion on the heart, we have studied 46 ricksha pullers (all 
male). For the sake of those who have not seen a ricksha in use, it may 
le stated that it is a rather light narrow carriage, with two wire-spoked 
raljbei-.tired wheels ; a seat is mounted on leafed springs over the axle’ 
The wheels are ball-bearing. Two shafts eonneeted at the front by a 
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cross-piece extend forward. It is pulled an individual wlio stands 
between the shafts. No effort is required to hold up the shaft, because 
once raised the rider and seat are balanced over the axle. On level 
ground little energy is needed to maintain the pull on the ricksha, and 
the energy is chiefly consumed in running, which at one stretch may 
vary from a short distance to one or two miles. 

Most of the group of ricksha pullers studied are privately employed 
by members of the staff of the College. All the subjects had been 
ricksha pullers for at least one year. Their living conditions are fairly 
good. They usually have adequate rest between periods of activity. All 
of them were physically healthy and free from cardiovascular and other 
systemic disease. None of them was anemic. There was no evidence of 
nephritis in any. None of the group had anj’- undue dyspnea after 
moderate speed and duration of pulling. There was no cyanosis or 
edema in any of them. None showed a cardiac diastolic murmur. The 
'Wassermann test was not performed as a routine; some of the subjects 
had a previous record of a negative test. One of them (No. 33) had a 
positive blood Wassermann with no manifest syphilitic lesion. In short, 
all were athletic and apparently healthy individuals. 

Groups of four or more subjects were examined by two of us (C.L.T. 
and C.W.B.) in the afternoon. All were given adequate rest before the 
examination. Quite a number came rather reluctantly, and a few were 
excited and almost refused the examination. Such an emotional upset 
may account for the tachycardia and slight elevation of blood pressure 
(which usually disappeared after reassurance) noted in a number of 
cases. The physical examination was carried out before roentgenologic 
and electrocardiographic stxtdies Avere made. Particular attention xvas 
paid to the cardiovascular sj^stem, although it must be stated that only 
a brief period Avas aAmilable for physical examination in order that all 
studies could be completed in one afternoon. During the physical ex- 
amination the heart Avas considered “not enlarged” Avhen the outermost 
point at AAdiich a distinct cardiac iminilse could be felt Avas on or Avithin 
the midclaA'icular line, or the outermost point of the cardiac dullness on 
light percussion A\’as on or Avithin the same line. The heart Avas con- 
sidered “enlarged” AA’hen the cardiac impulse could be distinctly felt be- 
yond the midclaA'icular line, or if this AA-as not palpable, Avhen the rela- 
tive cardiac dullness extended beyond that line. Determination of the 
cardiac size by physical examination is subject to error from at least 
three factors, aside from the error due to haste in the examination or to 
poor technic. When the heart is hyperaetiA'e, as in excitement and ap- 
prehension, the vibration of the precordial region may be so Avidespread 
that the heart may be considered enlarged, Avhile actually it is not. Even 
when the left border of the heart i.s beyond the midclaA'icular line, 
decision as to the size of the heart is fraught Avith insecurity if the 
measured cardiac area in the teleroentgenogram is not above the upper 
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limit of the estimated normal. On the other hand, when enlargement of 
the heart is general or more right-sided, the left border may be within 
the midelavicular line, while the heart is actually oversize. 

Blood pressure was taken by the auseultatoiy method, and the begin- 
ning of the fourth phase was taken as the diastolic level. The peripheral 
arteries were considered “thickened” when the AvaU of either the 
brachial or radial artery or both, emptied of its blood content, could be 
readily felt by the palpating finger. Complete urinalysis was done. The 
finding of a trace of albumin and leueocjdes in the sediment could 
usually be traced to chronic gonococcal urethritis. 

The final decision as to whether the heart was enlarged or not Avas 
based on the results of radiological studjL At the laboratory the subject 
was first examined under the fluoroseope in various positions. Particular 
attention was paid to the heart and the aortic arch. A frontal teleroent- 
genogram Avith the subject at a distance of tAvo meters from the target 
Avas then taken. An additional film AAms taken Avith the subject in the 
left anterior oblique position, facing the film at an angle of 45 degrees. 
In the latter position the tAvo Amntrieles can be better Ausualized and 
their relative size determined more accurately after the method origi- 
nally suggested by Fray.^^ The cardiac area was measured Avith a plani- 
meter. The difference betAveen the measured area and the estimated 
normal area was recorded and tlien expressed in percentage. The estima- 
tion of cardiac area Avas done according to the method of Hodges and 
Eyster.-^ In addition the eardiothoraeic ratio of Danzer^" Avas calcu- 
lated. 

"With the string standardized so that a current of one millivolt gave a 
defie'ction of one centimeter on the record, Leads I, II, and III of the 
eleetrocardiogram Avere taken from each subject in the recumbent posi- 
tion. The subjects were not in a basal condition. The T-Avave Avas con- 
sidered tail in a lead AAdien its height Avas above 5 mm. The presence of 
right or left “axis deviation” was determined from Leads I and III. 
The longest P-E interval was measured, usually in Lead II. The K-E 
interval and the Q-T interval were determined by taking the average 
values of four cycles. The relative duration of electrical systole as ex- 
pressed in the formula, K equals the Q-T interval divided bj’- the square 
root of the E-E interval, Avas then calculated.’® 


RESULTS 

_ Table I summarizes the results of the physical findings in these 46 
ricksha puUers. Their mean age Avas thirty-three years. The period 
dunng Avhich they had been engaged in their occupation averaged about 
eight years. The extremes were one year and tAventy-five years Most 
of the subjects actuaUy puUed from two to four hours per day (mean. 

derc'eT ' subjects (45 per cent) revealed evi- 

dence of cardiac enlargement. Thickening of brachial or radial artery 
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Table I 


Physical Findings in 46 Kicksha Pollers (All Alale) 


NO. 

AGE ' 

ACTIV- 

ITY 

AC- 

TUAL 

PULL- 

ING 

PER 

DAY 

HEART 

SIZE 

PERIPH- 

ERAL 

ARTERIES 

1 

J BLOOD 
'PRESSURE 

CARDUC 

MURMURS 

j URINE 


Years 

Fears Eovrs 



mm. Eg 



1 

19 

O 

w 

4 

Not 

enlarged 

Soft 

100/68 

Systolic 

apical 

jNornial 

j 

2 

21 

6 

3 

Not 

enlarged 

Soft 

' 90/56 

None 

Normal 

3* 

22 

O 

3 

Not 

enlarged 

Soft 

92/64 

None 

Normal 

4 

22 

O 

3 

Not 

enlargcdl 

Tliiclconed 

120/82 

None 

Normal 

5 

22 

3 

O 

Enlarged 

Soft 

106/72 

None 

Normal 

G 

24 

*> 

4 

Not 

enlarged 

Soft 

116/78 

None 

Normal 

7 

24 

1 

1 

Not 

enlarged 

Soft 

106/70 

None 

Normal 

s 

25 

2 

3 

Enlarged 

Soft 

100/60 

None 

Trace albu- 
min, many 
i W.B.C. 

n* 

26 

3 

4 

Not 

enlarged 

Soft 

116/46 

Systolic 
apical 
and basal 

Normal 

1 

i 

10 

27 

7 

4 

Enlarged 

Soft 

134/90 

None 

{Normal 

11* 

27 

o 

3 

Enlarged 

Soft 

128/80 

Systolic 

basal 

Normal 

12 

28 

0 

3 

Not 

enlarged! 

Tlnckoned 

102/80 

None 

Trace albu- 
min, many 
j W.B.C. 

13* 

29 

15 

3 

Not 

enlarged 

Thickened 

130/90 

None 

Normal 

14* 

29 

S 

O 

Enlarged 

Soft 

124/68 

None 

{Normal 

15* 

30 

7 

3 

Not 

enlarged 

Soft 

104/62 

None 

Normal 

16 

30 

7 

4 

Enlarged 

Soft 

96/66 

None 

{Normal 

17 

30 

12 

4 

Not 

enlarged 

Soft 

112/76 

None 

Trace albu- 
min, many 
W.B.C. 

18* 

30 

4 

2 

Enlarged 

Soft 

116/76 

None 

Normal 

19* 

30 

9 

3 

.Enlarged 

Thickened 

120/74 

1 Systolic 
apical 

Normal 

20* 

31 

2 

6 

iNot 

enlarged 

Soft 

134/78 

Systolic 
apical 
and basal 

Normal 

21 

31 

2 

3 

Not 

enlarged 

Soft 

108/80 

None 

Normal 

22* 

32 

10 

4 

j Enlarged 

Soft 

126/78 

None 

Normal 

23* 

33 

5 

3 

Not 

enlarged 
i Enlarged 

(Soft 

112/84 

None 

Normal 

24a 

31 

10 

2 

Thickened j 

118/82 

None 

Normal 

24b 

33 

12 

2 

. Enlarged 

Thickened | 

110/68 

None 

Normal 

25 

35 

10 

2 

Not 

enlarged 

Thickened 

1 

126/80 

None 

Normal 


*Cases so marked Lave cardiac areas 15 per cent or more above the estimated area 
in teleroentgenograms. In the calculation of mean values, 24a, 32a, 43b, and 46a 
were excluded. The records of 43b were obtained after three years of an inactive 
occupation. 
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Table I — Cont’d 


NO. AGE 




Years 

Years Ron 

26* 

35 

6 

4 

27* 

35 

4 

4 

28 

36 

7 

3 

29 

36 

10 

3 

30 

36 

15 

2 

31* 

36 

12 

6 

32a ; 

35 

4 

5 

32b ! 

37 

6 

5 

33 ; 

37 

6 

4 

34 ’ 

38 

20 

2 

35 ; 

39 

13 

3 

36 

39 

14 

2 

37 

40 

25 

3 

00 

CO 

40 

20 

3 

39* 

40 

18 

3 

40* 1 

41 

10 

3 

41* 

42 

10 

3 

42 , 

44 1 

7 

3 

43a* 

45 , 

7 

4 

43b* i 

48 



44* [ 

1 

47 - 

5 

4 

45a , 

1 

47 

15 

5 

45b [ 

49 

17 

5 

46* ! 

49 

18 

6 

Mean 

33 

8 

3.3 


HEART 

SIZE 


PERIPH- 

ERAL 

ARTERIES 


Enlarged 

Not 

enlarged 
■ Enlarged 
Not 

enlarged 

Enlarged 

Enlarged 

Not 

enlarged 
Not 

enlarged 
Not 

enlarged 
Enlarged 


Enlarged 

Not 

enlarged 
Not 

enlarged 
Not 

enlarged 

Not 

enlarged 
I Not 

I enlarged 
j Enlarged 


Soft 

Tliiekened 

Soft 

Soft 

Soft 

Thickened 

Thickened 

Soft 

Sclerotic 

and 

tortuous 

Soft 

Soft 

Soft 

Soft 

Sclerotic ' 
Soft 


I Enlarged [Sclerotic 


Enlarged i Soft 
Enlarged I Soft 
Enlarged [Sclerotic 


[Not Soft 
I enlarged; 

'Not I Soft 
, enlarged; 

I Enlarged Thickened 


• BLOOD 

pressur: 

CARDIAC 

F MURMURS 

URINE 

mm. Rq 

r 


■\ 126/88 

None 

Normal 

110/80 

None 

Normal 

134/84 

None 

Normal 

116/80 

None 

Normal 

134/84 

Systolic 

basal 

Normal 

120/86 

None 

Normal 

108/72 

None 

Normal 

114/76 

None 

Normal 

108/72 

None 

Normal 

108/78 

Sj’stolic 

apical 

Normal 

128/72 

Systolic 

apical 

Normal 

122/80 

Systolic 

basal 

Normal 

104/74 

None 

Normal 

104/70 

None 

Normal 

120/80 

None 

Trace albu- 
min, many 

W.B.C. 

108/78 

None 

Normal 

120/80 

None ' 

Trace albu- 
min, few 
W.B.C. 

112/80 1 

Systolic 

Trace albu- 

80/48 ] 

apical 

min, occa- 
sional 
granular 
casts 

NTone f 

formal 

88/60 1 

STone ^ 

formal 

104/70 1 

Systolic b 

apical 
and basal 

formal 

96/64 1 

•fone b 

formal 

106/76 J 

7one b 

formal 

116/76 1 

7one b 

formal 

114/75 





OHS in one man sclerotic and tortu- 

suggestive of early arteriosclerosis It is ° findings are 

cierosis. It is our impression that there is a 
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higher incidence of the thickening of tlie xieripheral arteries in this group 
than is usually found in physical examinations of healthy individuals of 
the same age periods. 

The mean blood pressure was 114 mm. Hg systolic and 75 mm. 
diastolic; the mean pulse pressure was 39 mm. The pressure tended to 
be high in a few cases. Blood pressures of 130 mm. systolic and 90 mm. 
diastolic in a young man of twenty-nine years (Case 13) and of 134 mm. 
systolic and 84 mm. diastolic in tivo subjects thirty-six years old (Cases 
28 and 30) are not usual among the Northern Chinese. The mean values 
are very slightly higher than the mean and median systolic pressure of 
107 and diastolic pressure of 70 in a series of 342 healthy, active 
Northern Chinese males of the age period of thirty to thirty-nine years.-’ 

The roentgenological findings are summarized in Table II. The re- 
sults of the fluoroscopic examination are incorporated in the column, 
“General impression,” which represents the opinion of one of us, the 
roentgenologist (C.K.H.). In evaluating the measured frontal cardiac 
areas in teleroentgenograms, the tables of Hodges and Eyster-^ for the 
calculation of the expected normal area have been used. These tables 
are based on a study of 70 normal Americans. ‘Whether thej^ apply 
strictly to Chinese subjects has not been definitely settled, but our 
measurements of the cardiac area of 140 normal, healthy, adult Chinese 


Table III 

Percentage Deviation Froji Cardiac Area Estimated Fro.m Height and Weight 


percentage : 

estimated 

DEVIATION from 
CARDIAC AREA 

NORMAL CHINESE MALES | 

RICKSHA 

PULLERS 

NUMBER 

PER CENT 

NUMBER 

PER CENT 

-30 

to 

-26 

1 

1.0 

0 

0 

-25 

to 

-16 

8 

6.0 

0 

0 

-15 

to 

- 6 

55 

39.0 

3 

6.5 






12 

26.0 

- 5 

to 

+ 4 

56 

40.0 

— 





— 


11 

24.0 

+ 5 

to 

+14 

17 

12.0 

— 





— 


11 

24.0 

+15 

to 

+24 

o 

O 

2.0 




+25 

to 

+34 

0 

0 


6.5 

+35 

to 

+44 

0 

0 

3 

6 5 

+45 

to 

+54 

0 

0 

3 

6.5 

Total 

140 

100 

46 

100 


males, mostly staff members and medical students of this institution, 
show that the mean cardiac area of normal Chinese males is 4.2 per cent 
(±0.68 standard error) smaller than that predicted from age height 
and Aveight In Table III it wiU be seen that 79 per cent of normal 
Chinese males have measured cardiac area between -15 per cent and +4 
per cent and only 12 per cent between +5 and +14 per cent Thus the 
cardiac area of normal Chinese males tends to be undersized by about 
pel cent, when compared with predicted area calculated according to 
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Hodges’ metliod. These results seem to justify fully the use of the 
tables referred to. 

Ill Cases 23, 32, and 45 there ivere two examinations done two years 
apart, and in Case 43 the first examination was done when the subject 
was engaged in ricksha pulling' and the other aftei he had been in a 
sedentary occupation for three years. In the final calculation of the 
data the results of the more recent examination, when the subject had 
more than one, ivere included as representative, with the exception of 
Case 43, as the result of the later examination was considered to be 
affected by the three years’ rest. 



to to to to to to to to to 
-2e -le -& +4- +14- +24 +34 +44- +54 

Per’cen.lA^e Devia-tioa ■|’rotn. 

EstimaCz-cL Cardiac Area 

Fig. 8 . — Distribution curves comparing the cardiac areas of 46 ricksha pullers 
(males) and those of 140 normal Chinese men. For each subject the difference be- 
tween the measured area and the estimated area is expressed in per cent. 


According to Hodges and Eyster, with an observed area 14 sq.. cm. 
larger than the predicted area, the chances are ten to one that the heart 
is abnormally large. On this basis, which is also in accord with our 
clinical experience, we have considered a heart to be definitely enlarged 
when the obseiwed area is 15 per cent or more above the predicted area, 
since we think percentage deviation is more significant than the differ- 
ence in actual square centimeters. Of the 46 subjects, 20, or 43 per 
cent, had observed heart areas larger than the predicted area by 15 per 
cent or more. 

Figs. 1, 2, 4, 5, 6, 7, 8 are examples of x-ray shadows of enlarged 
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We may compare our findings in rickslia pullers with the results in 
the group of 140 nonnal adult male Chinese by referring to Table III 
and Fig. 8. Statistically the data may be summarized as follows : 

DELATION OP CARDIAC AREA MEAN VALUE ± STANDARD ERROR 

46 ricksha pullers + 13.2 ± 2.3 per cent 

140 normal adult male Chinese - 4.2 ± 0.68 per cent 

Difference 17.4 + 2.38 

The results for the 46 ricksha pullers in comparison with the Ameri- 
can standard are sho-wn below : 

Average measured cardiac area 114.6 ± 2.3 sq. cm. 

Average estimated cardiac area 103.5 ± 2.6 sq. cm. 

Difference 11.1 ± 3.5 sq. cm. 

The differences, especially that between the mean deviation of the 
cardiac area of ricksha pullers and that of the cardiac area of normal 
Chinese, are clearly statistically significant. 

In order to evaluate the cardiothoraeie ratio of Danzer,-® a study was 
made of 116 of the 140 teleeardiograms of normal male Chinese. The 
resulting mean ratio is 0.485 ± 0.004 (standard error). It would seem 
safe to assume that a ratio of 0.52 or more indicates some degree of 
cardiac enlargement. In Tables II and III it is shown that the ratio is 
0.52 or greater in 22 (48 per cent) of the 46 riclosha pullers. This 
slightly higher percentage of cardiac enlargement than ivas shovm by 
the measured area is pi’obably due to the fact that while cardiac enlarge- 
ment is usually general in nature, there is a tendency to a preponderant 
enlargement of the left ventricle, as may be seen in Figs. 1, 2, 4, 5, 6, 7. 

In summary, nearly half of the ricksha pullers examined showed 
demonstrable cardiac enlargement (43 to 48 per cent according to the 
criterion used). Conversely over half the subjects showed no evidence 
of enlargement beyond the normal limit. 

Examination of tlie data fails to disclose any relation between the 
years of activity, (minimum, one year) and the occurrence of enlarge- 
ment of the heart, Avhich was present in four men who had pulled for 
only two or three years (Ca.ses 3, 9, 11, and 20) and absent in eleven wlio 
had been in this occupation for ten or more years (Cases 17, 24, 25, 29, 
30, 34, 35, 36, 37, 38, 45). 


ACTIVITT 

HEART NORXfAI. 

HEART EXIiARGED 

TOTAL 

1 to 4 3 'ears 

7 

6 

13 

5 to 9 years 

8 

7 

15 

10 or more rears 

11 

7 

18 


Total 26 20 46 


In addition to its size, the shape of the heart shadow of ricksha 
pullers needs brief mention. Although general cardiac enlai’gcmcnt was 
the usual finding, at least slight left ventricular enlargement was noted 
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ill 15 instances, both among those that showed demonstrable total cardiac 
enlargement and among those that did not. The diameter of the aortic 
shadow measured 7 cm. or more in nine subjects. The aoitic arch ap 
peared to be elongated or tortuous, or both, in seven instances. Sueh 
findings are not usually encountered in healthy subjects of the same age 
period. 

The electrocardiographic findings ai*e not of great interest. The heart 
rate was not basal as the subjects Avere examined under the ordinary con- 
ditions in the laboratory. It may, therefore, be noteAVorthy that seven 
subjects had a rate beloAA'^ 60 beats per minute, and that the aA'^erage rate 
Avas only 68. The electrical axis of the QRS complex lay Avithin normal 
limits in 40 subjects; in one there AA’^as right axis deAuation and in five 
left axis deviation. One striking feature is that in 16 eases the T deflec- 
tion Avas tall in one or more leads. 

The auriculoA'entrieular conduetion time Avas 0.20 second in eight 
individuals and beyond 0..20 second in four indiAuduals ; these values are 
usually associated Avith a sIoav sinus rhjdhm. 

The average value for the constant K of the formula used for electrieal 
systole^® is 0.388 ± 0.0022 (standard error). This value may be eom- 
pared to that for normal Chinese males^® as folloAvs : 

116 nomal Chinese males 0.374 ± 0.0012 

46 riekslia pullers 0.388 ± 0.0022 

Difference 0.014 ± 0.004 

There is a slight but probably not significant difference. 

DISCUSSION 

Although the number of ricksha pullers examined is relath'-ely small, 
the data presented seem to Avarrant certain conclusions. 

In the first place, about 50 per cent of the subjects had hearts that 
Avere demonstrably enlarged. This in itself, Ave believe, is an important 
and signifieant finding. Although previous careful studies of animals 
and of athletes have shoAvn that cardiac hypertrophy is a natural result 
of prolonged muscular exercise, clinicians have usually held to the 
dictum that an enlarged heart is a diseased heart.^"® None of the in- 
dividuals studied had any other sign of disease than cardiac enlarge- 
ment (and in some eases Avidening of the aorta), and all Avere actively 
engaged in an occupation calculated to bring out such signs. It must be 
admitted that Ave have no post-mortem examinations to report, and, 
therefore, final proof is lacking. It is, hoAvever, a fair conclusion, as far 
as the evidence goes, that the cardiac enlargement found is probably re- 
lated to the physical activity of the subjects. 

The physiological basis for cardiac hypertrophy in response to pro- 
longed unusual exercise is clear. Studies have shoAvn that the minute 
volume put out by the heart may be raised to 20 or more liters in severe’ 
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exercise, and that in highly trained men the increase in minute volume 
output oi' the heart is obtained to a much greater extent by increase in 
the stroke volume of the heart and, to a much smaller extent, by accelera- 
tion of the rate. In the ease of De la Mar, a Marathon runner, it was 
shown ])y Bock, Van Caulacrl, Dill, and others®” that his stroke volume 
at rest Avas double that of untrained subjects and during work it rose 
to 200 c.c. Similar results have been reported by Hill and Lupton.®^ 

Bainbridge et al.” point out the advantages of a powerful myocardium, 
with complete systolic emptying and but slight dilatation and tachy- 
cardia. He says, “Hence, for the making of an athlete, a large and 
muscular heart is just as much a physiological necessity as a highly de- 
veloped muscular system, since, whatever the size of his muscles, a man’s 
ability to perform muscular work is determined by the output of his 
heart.” 

The ricksha pullers examined must be considered to have been suc- 
cessful in their occupation, because they were not new at it and Avere 
selected Ijy their employers from a large field of applicants. It must be 
noted here that the hypertrophy AA'hieh Ave believe they shoAved may Avell 
not occur in all AAdio endeavor to take up ricksha pulling. 

Attention is called to the exact nature of the actiAuty iuA'olved. It 
consists of running and pulling the ricksha, often for fair distances; but 
most important, this is done for a feAv houi's a day, day after day for 
years, Avith feAv if any days of inactivity. There is no eAudence to settle 
the point, but the suggestion may be made that running and other forms 
of extensive bodily motion may be more effective in produemg cardiac 
changes than other forms of hard Avork. There can be no doubt that 
unintermitting daily activity for years Avould be more effective than 
intermittent or brief exercise. Even highly active athletes often haA'e 
long intermissions in their periods of training. 

In the second place, our results include eAudence of Avidening of the 
aorta in some instances of relatively young men AAdth no trace of s^qAilis. 
If this unusual finding in normal subjects has a physiological basis, the 
explanation can be found in the effect of the sustained increased blood 
pressure during exertion upon the elastic aortic Avail. 

Third, there arises the question Avhether such cardiac enlargement as 
Avas found is entirely physiological or not. In other Avords, is there siTch 
a disease as athletic heart ? 

As far as our results go, they give no indication for regarding the 
abnormal findings encountered as constituting or predisposing to dis- 
ease. The men in whom cardiac enlargement Avas present had no evi- 
dence of the slightest heart failure and Avere holding their positions in 
competition Avith thousands of others. Many ricksha pullers continue in 
their occupation for long years, tAventy and more years not being un- 
common. One must also consider the men in our study who had been in 
their occupation for j^ears Avithout shnwing cardiac enlargement. They 
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also were successful. Possibly they should be regarded as being better 
adapted. Even this conclusion does not mean that the group with en- 
largement is, or will be, diseased, since it is merely a matter of relative 

fitness. 

It is of course possible that, while the effects of prolonged exertion are 
purely physiological for the time being, they may accelerate the normal 
wear and tear of life. In that case they Avould not be direct but only 
contributory causes of death. 

It is a common impression in China that the work of ricksha pullers 
is unduly hard, that damage is done to the heart and that the men 
cannot remain long in the occupation but die prematurely. The only 
reference in medical literature ivhieh we have found is in Chinese.®- 
This is a report of physical examinations of 36 ricksha pullers. The 
author found the apex impulse of the heart beyond the nipple line in 
every case, and considered this to mean cardiac enlargement. Brady- 
cardia was common. The findings were attributed to the ricksha pulling 
and interpreted as constituting disease. Valvular lesions and rupture of 
cerebral vessels were considered possible consequences. No x-ray or 
other laboratory examination was made. Our impression is that ricksha 
pulling is not in itself unduly hard and could not be compared to the 
work of stevedores, for example. On the other hand the life of public 
ricksha pullers is extremely difficult because, owing to their very small 
earnings, they cannot feed, clothe, and house themselves properly, and 
because they are compelled to expose themselves for long hours to all 
the inclement weather which the climate imposes. It does not appear 
that they are engaged in pulling their rickshas for long periods, because 
of severe competition for passengers. If their lives are shoi't, exposure 
and privation are probablj' responsible. 

SUJMMARY 

1. Forty-six healthy Chinese ricksha pullers were examined in a study 
of the effect of chronic exertion on the cardiovascular system. Physical, 
roentgenological, and electrocardiographic studies were carried out. 

2. The mean age was thirty-three years. The mean duration of 
ricksha pulling was eight years, and the mean number of hours of actual 
running slightly over three per day. 

3. Twenty-one (45 per cent) of the 46 ricksha pullers showed definite 
cardiac enlargement on physical examination which was always per- 
formed before radiographic examination. 

4. The measuied frontal cardiac area of the teleroentgenogram of the 
heart ivas 15 per cent or more above the area calculated according to the 
method of Hodges and Eyster in 20 individuals (43 per cent). 

5. The mean deviation of measured cardiac area of 140 normal Chinese 
males from the calculated area in per cent was minus 4.2 + 0.68 (stan- 
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dard error). Tlic moan deviation o£ measured cardiac area of tlic 4G 
ricksha pidlci-s from Die calculated area in per cent, was plus 1.3.2 ± 2..3. 
The difTercnce between lhe.se two groups was 17.4 ± 2.38. 

(). The eardiolhoraeic ratio of Danger in telccardiograins was 0..')2 or 
greater in 22 ricksha ])u]lci's (48 ])er cent). The mean ratio of the tele- 
cardiograms of 110 normal ('hine.sc males was 0.48.0 i 0.004, 

7. Chronic exertion in the form of ricksha pulling caused cardiac en- 
largement in about 45 per cent of the sub.iect.s’. No demonstrable en- 
largement was present in the remainder. This cardiac enlargement, 
probably chiefly duo to hyjiertroidiy, is considered to be a jdiysiologieal 
response to rapid exertion carried on diiily for n period of year.s. There 
is no indication that the enlargement constitutes or predisposes to dis- 
ease. 

ThniikH aro due (o T)r. I. C, Yuan for Jiis advice on tlie stati.stical treatment of 
the data ii\ this palter. 
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THE PATENCY OP THE SO-CALLED “ANATOMICALLY OPEN 
BUT FUNCTIONALLY CLOSED” FOE AMEN OVALE 


Paul, Gross, M.D. 

CLE^^^LAND, Ohio 

Z AHN^ and Monckeberg- indicate that nnder certain conditions the 
so-called “anatomically open but fmictionallj^ closed” foramen 
ovale may become patent and lead to paradoxical embolism. Other re- 
ports in the literature add support to this contention, including the more 
recent publications of Beattie"* and of French,"* which give autopsy find- 
ings of emboli caught in the foramina ovale. It has been claimed that 
-Avhon the right auricular pressure exceeds the left auricular pressure, the 
functionally closed foramen becomes patent. Because this type of fora- 
men ovale has not been universally recognized as a factor in the produc- 
tion of paradoxical embolism, the present study of the behavior of the 
foramen ovale under various differences in auricular pressures was 
undertaken, 

METHOD 


The intcrauricular septum of hearts with open, valvelike foramina ovale, removed 
at autopsy, is clamped by means of four screws between two flanged metal plates 
that have a circular opening completely exposing both sides of the foramen ovale, 
(rig. 1.) Two glass cups (C) with three side openings are cemented to the flanges 
and function as artificial atria. Instead of blood, a fluid is used which consists of 
0.32 per cent tragacanth suspended in 0.9 per cent saline. The viscosity and the 
osmotic pressure of this suspension are approximately that of blood. The height of 
the reservoirs (R) holding this fluid determines the auricular pressure which is 
measured by a straight manometer tube (M) connected with the artificial atrium by 
means of the middle side tube. The second side tube connects with the reservoir. 
The third side tube is clamped off and serves as a vent for the escape of air caught 
in the apparatus. Artificial emboli are prepared by mixing ‘'Yatex”! (a con- 
centrated form of Latex) with plaster of Paris in a proportion so that the small 
pieces (1x1x2 mm. to 2x2x3 mm.) just about sink in the fluid. The mixture con- 
sists of 3.2 gm. Yate.x and 1 gin. plaster of Paris. These pieces, ten to twenty 
in number, are introduced into the right atrium. Before each experiment the ap- 
paratus is tested for leakage, under a pressure of 100 mm. of fluid. 

During the course of the experiment the height of the right reservoir is in- 
creased on several occasions so that various degrees of predominance in right 
auricular pressure are obtained. Due to the higher level of fluid in the right 
reservoir, a flow of the fluid is established through the foramen ovale from the 
right into the left reservoir. The heights of the fluid level in the reservoirs are 
recorded at the start and after one minute of flow. The auricular pressures as 
shown by the manometer in millimeters of fluid are also recorded at the start of the 
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flow and during the flow. The chuiigc in volume in either reservoir during this time 
indicates the flow in one minute through the foramen ovale. Similar observations 
are made when the level of the left reservoir is raised higher than that of the right 
so that there is a predoininanee of iirc.ssure in the left atrium. During a period of 
flow under a maxiimim predoniinanee of right auricular pre.ssure the apparatus is 
shaken with both hands to agitate the artificial emboli in the right auricle. At the 
end of one minute of such flow, the emboli in the left auricle as well as the emboli 
caught in the foramen are counted. 



RESULTS 

With the fluid level of the rig'ht. reservoir higher than that of the left 
reservoir and the tubing conneeting* with the left reservoir pinched off, 
the left auricular pressure may be equal to the right auricular pressure 
or may even exceed it. This iiaradoxieal condition is explained by the 
fact that the foramen ovale behaves as a valve and transmits pressure 
freely in one dii’eetion only. As soon as the tubing to the left reservoir 
is opened, a drop in hotli auricular pressures occurs. This drop is 
greater on the left side. As tlic flow is maintained, the left aui’ieular 
pressure begins to rise slowly while the rig'ht auricular pressure falls 
slowly. However, during the minute of flow, the right auricular pres- 
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sure is always greater than that of the left. When, at the end of one 
minute, the tubing to the left reservoir is again pinched off, both auricu- 
lar pressures rise to a level commensurate with the fluid level in the 
right reservoir; and again the left auricular pressure may rise to a 
slightly higher level than the right because of the valvelike action in the 
foramen ovale. The fluid level of the right reservoir descends, Avhile 
that of the left reservoir rises correspondingly from the time that the 
tubing to the left reservoir is opened to the moment that it is pinched 



Fig. 


'Tlow from riqbt to left atrium 
^ ” ” left ” riqht ” 


® Artifact due to swelling 
® Perforation of septum -primum 


2 .- 


-Graph showing relationship between the difference in reservoir pressure and 
the flow througrh the foramen ovale. 


off again. The volume of flow from right to left increases with the 
degree of preponderance of right auricular pressure. The results of ex- 
periments performed on sixteen patent foramina ovale are listed in 
fable I. The graphical representation of the relationship between the 
leakap through the foramen ovale and the difference in reservoir pres- 
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Occasionally emboli pass spontaneously tlirougli the foramen ovale, 
but generally emboli pass tlirougli tlie foramen ovale or are caiiglit in it 
only after the apparatus has been shaken vigorously and the emboli 
thereby set into motion. Table II shows the relationship between the 
circumference of the foramen, the preponderance of the right auricular 
pressure, the preponderance of the right reservoir pressure, and the 
number of emboli which passed through, or were caught in the foramen 
ovale. No determination of the transmission of emboli was made on 
heart numbers 1 and 3. The only foramen ovale of those investigated 
which did not allow emboli to pass into or through it was number 13. 
The probable explanation for the behavior of this foramen is to be found 
in its small size. 

Table II 


NO. 

CIRCUM- 
FERENCE OF 
FORAMEN 

PREDOM- 
INANCE OP 

RIGHT 

RESERA'OIR 

PRESSURE 

PREDOM- 
INANCE OF 
RIGHT 

AURICULAR 

PRESSURE 

NUMBER OP 
EMBOLI 

CAUGHT IN 
FORAMEN 

NU.\IBEE OF 
EMBOLI 

AVHICH 

PASSED 
THROUGH THE 
FORAMEN 

2 

32 

680 

230 

0 

9 

4 

25 

437 

— 

0 

2 

5 

40 

281 

10 

0 

1 

5 

40 

221 

15 

0 

1 2 

5 

40 

452 

15 

0 

3 

6 

25 

456 

103 

1 

0 

7 

16 

447 

- 

5 

0 

8 

24 

! 474 

! — 

! 3 

2 

9 

22 

332 

60 

0 

1 

9 

22 

413 

72 

1 

2 

10 

28 

439 

33 

*> 

o 

2 

11 

40 

460 

67 

2 

3 

12 

12 

425 

326 

1 

0 

13 

8 

410 

342 

0 

0 

14 

28 

429 

53 

0 

5 

15 

23 

479 

159 

0 

4 

16 

23 

510 

— 

7 

4 


When the predominance of pressure is shifted to the left side and the 
tube communicating with the right reservoir is pinched off, the right 
auricular pressure may correspond to tJie right reservoir pressure, or it 
may be higher. When the tubing to the right reservoir is opened, the 
right auricular pressure drops according to the fluid level of the right 
reservoir. In a few foramina ovale no subsequent increase in right 
auricular pressure occurs ; nor is tliere a change in fluid level in either 
reservoir. In other Avords, some patent foramina ovale allow no leakage 
of pressure or fluid from left to right. In the larger number of cases, 
on releasing the pinched-off tubing, there is an immediate rapid drop of 
light auricular pressure to a level eommeiisurate ivith the right reservoir 
fluid level. This is followed by a slight gradual rise in right auricular 
pressui’e accompanied by a slight drop in the fluid leAml of the left 
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reservoir and a coincidental rise in fluid level of the right reservoir. 
The greater the predominance of left auricular pressure, the greater the 
amount of leakage through the foramen ovale. With the exception of 
two instances, tlie amount of flow through the foramen ovale from left 
to right is slight compared with the flow from right to left at similar 
differences in pressure. The two discrepancies where considerable leak- 


Table III 


NO. 

CIRCUM- 

FEKENCE OF 

FORAMEN 

PREDOJr- 

INANCE OP 

LEFT 

RESERVOIR 

PRESSURE 

AURICULAR P 

ING 

RIGHT 

RESSUKE DUE- 

FLOW 

LEFT 

FLOW IN ONE 

MINUTE 

1 

30 

445 

! No c" 

flange 

0 

2 

32 

500 

No change 

0 

3 

Tliree small 
openings 

1-2 mm. 

474 

115 1 

i 

569 

40 

4 

25 

423 

i 290 

468 

355 

5 

40 

561 

83 

550 

162 

6 

25 

470 

156 

582 

83 

7 

16 

529 

173 

571 

58 

8 

24 

450 

46 

592 

10 

9 

22 

406 

278 

486 

90 

10 

2S 1 

380 

— 

— 

' 40 

11 

40 ' 

460 

— 



50 

12 

12 

425 

No change 

0 

13 

S 

410 

No change 

0 

14 

28 

442 

163 

506 

66 

15 

23 

476 

133 

603 

0 

16 

23 

440 

155 

555 

50 


age occurred from left to right are explained in one by a perforation in 
the septum, and in the other by a severe distortion of the foramen from 
edema secondary to clamping. The results of these investigations are 
tabulated in Table III and indicated in Fig. 2. 


COMMENT 


The results obtained indicate that the so-called anatomically patent, 
functionally closed foramen ovale transmits pressure, fluid, and sus- 
pended solids from the right to the left atrium when the right auricular 
pressure exceeds that of the left. These findings are in accord with the 
observations and conclusions of Zahn/ Monckeberg, ^ Beattie,® French ^ 
Chiari,® and others. ’ 

Zahn collected 139 eases which at autopsy had a patent foramen ovale 
Among these cases, he found two with thrombotic occlusion of the fora- 
men and seven with paradoxical embolism. In addition, he listed a third 
ease referred to him of thrombotic occlusion of the foramen ovale 
Zahn believed the explanation of paradoxical embolism to lie in the fact 
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that in congestive heart failure there is an elevation in right auricular 
pressure with a coincidental reduction in left auricular pressure. In all 
nine eases, evidence of venous stasis conditioned by chronic bronchitis, 
pulmonary emplij’-sema, edema, atelectasis, tuberculosis or pleuritis was 
found. The anatomical evidence pointing to a previously existing con- 
gestion and elevation of pressure in the right heart consisted of dilata- 
tion and hypertrophy of the right auricle and ventricle, the enlargement 
of the fossa ovalis and the bulging of its ivall to the left. 

Beattie reported a case of pulmonary embolism which, at autopsy, 
showed occlusion of the pulmonary artery bj’’ an embolus and a second 
embolus caught in the foramen ovale. This foramen ovale was of the 
type considered anatomically open but functionally closed. Beattie in- 
ferred that the embolic occlusion of the pulmonary artery preceded the 
embolic occlusion of the foramen ovale. He contended that the embolic 
occlusion of the pulmonaiy artery caused an elevation of the right, auric- 
ular pressure and a coincidental fall in the left auricular pressure 
which forced the foramen ovale open and allowed the second embolus to 
slip in and lodge there. He indicated that in all probability the reason 
for the patient ^s survival for a short time after the pulmonary occlusion 
was the patent foramen ovale which allowed the blood to be shunted 
across to the left atrium. He suggested that patency of the foramen 
ovale be kept in mind to explain similar short survivals follondng pul- 
monary occlusion. 

The apparatus used in these investigations does not reproduce the 
rapid movement of fluid with eddies ‘which are present in the living 
heart. It is therefore necessary to agitate by sliaking, but this also ap- 
pears inadequate. It is possible that with a modification of the appa- 
ratus to provide for a brisk flow of the fluid with a production of 
eddies, a larger number of emboli would pass through the foramen ovale 
under the same pressure conditions. 

A valvelike action of the foramen ovale is established by its capacity, 
in some eases, to prevent completely the leakage of pressure and fluid 
from left to right, and in other instances to transmit comparatively very 
little fluid to the right atrium. This valvelike action is due to the 
tenuity and pliancy of the septum primum and the relative thickness 
and rigidity of the septum secundum. 

There are no data available on human left and right auiacular pres- 
sures, and the pressures used in these experiments may very well be 
beyond the pathological limits occurring in man. Nevertheless, the be- 
havior of this type of foramen ovale under these experimental condi- 
tions is probably a good indication of the behavior clinically under cer- 
tain pathological conditions. 
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CONCLUSIONS 

These investigations on the so-called anatomically open bnt func- 
tionally closed foramen ovale funiish experimental proof for the follow- 
ing statements: 

1. Under conditions of preponderance of pressure in the right atrium 
over the left, pressure, fluid, and emboli may be transmitted from the 
right atrium through the foramen ovale into the left atrium. 

2. When the left auricular pressure is greater than the right, com- 
paratively little or no transmission of pressure or fluid from the left 
atrium to the right atrium oeeui's due to a valvelike action of the fora- 
men ovale. 

The author thanks Dr. H. S. Eeiehle and Dr. Morris Simon for aid in securing 
material. 
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THE BLECTROCARHIOG'RAM OP THE NORMAL HEART IN 

PREGNANCY^' 

L, Feldman, M,D., and Harold H. Hill, M.D. 

Chicago, III. 

TP THE electrocardiogTani is to aid us in the interpretation of the 
A signs and symptoms referable to the cardiovascular system in preg- 
nant women, we must be acquainted with the influence that pregnancy, 
due to a rising uterus, may have on it. 

That the electrocardiogram undergoes certain changes when the posi- 
tion of the heart within the chest is altered, has been long appreciated. 
Einthoven showed that deep breathing affected the form of the electro- 
cardiogram, as it changed the position of the heart, the more transverse 
position at the end of expiration being associated with a left axis shift, 
or a tendency in that direction. Cohn demonstrated that there is a 
rather definite relation between the anatomical angle of the heart (angle 
of inclination) and the direction of the electrical axis. Thus the electro- 
cardiogram shows a gradually increasing left axis deviation as the posi- 
tion of the heart becomes more transverse, and right axis deviation as 
the heart becomes more vertical. 

But that pregnancy may change the electrical axis of the heart by a 
rising diaphragm is not widely known. Smith showed that during the 
eighth month of pregnancy when the uterus is at the highest level in 
the abdomen, the electrocardiogram displayed a left axis deviation. This 
became less marked as soon as the head of the fetus descended into the 
pelvis, and shifted toward the right immediately after the delivery of 
the child. Konki studied 33 pregnant women with normal hearts, and 
he found that during the third trimester of pregnancy, the electrical 
axis deviated to the left, and that the T-wave in Lead III became nega- 
tive. Following the delivery the axis shifted to the right, and the 
T-wave in Lead III became upright. He quotes Hjoiemann, who af- 
firms that the diaphragm of pregnant women during the early part 
of the third ti'imester is elevated on the light side on the average of 
2.10 cm. and on the left side by 2 cm. and that the heart has assumed 
a more transverse position. Jensen and Norgaard reported that in 
their series of pregnant women there was a left axis deviation or a 
tendenej'' thereto during the first months of pregnancj'' and a retuni to 
the right in the later months. They say that this is due to an early 
left ventiieular hypertrophy, followed later b.y a right ventricular hj'- 

*Proni the Department of MeOicine and Obstetrics of the University of Illinois 
College of Medicine. 
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pertropliy, independent of any change in the position of the heart. 
These observations led ns to study the electrocardiogram in pregnancy. 

After we began onr investigation, an article appeared by Carr and 
Palmer, who found that the axis tends to shift to the left during the 
first tAVO trimesters of pregnancy and to the right in the early part of 
the ninth month. The latter finding they attribute to the descent of 
the uterus. 

Material. — Thirty-six pregnant women were selected. These patients 
had no complaints referable to their cardiovascular system, and upon 
examination their hearts and vascular systems Avere found to be nonnal. 
In selecting these patients, age and the number of the pregnancj'^ Avere 
not considered. These Avomcn Avere sent doAvn to tlie electrocardiographic 
laboratoiy some time betAveen the thirty-second and thirty-sixth Aveeks 
of pregnancy, Avhen the uterus Avas considered to be at the highest 
level in the abdomen. This procedure Avas strictly supervised by one of 
us (H.H.H.). The second electrocardiogram Avas taken about eight or 
ten days after delivery Avhen the patient Avas ready to go home. At 
first Ave took a third electrocardiogram, six Aveeks post partum. But the 
latter Avas soon abandoned, since avo found no difference betAveen it and 
the second electrocardiogram. The electrocardiograms Avere taken AAuth 
the patient in the sitting position. The electrical axis Avas calculated, 
according to Einthoven, from the electrocardiogram. 

RESULTS 

Direction of the Electrical Axis. — The influence of pregnancy on di- 
rection of this axis is shoAvn in Table I. Only those tracings shoAving 
a shift of more than 10 degrees in the electrical angle Avere recorded. 
TAventy-one of the 36 cases studied (58.33 per cent) shoAved such changes. 

It Avill be seen that there is usually definite shifting of the electrical 
axis toAvard the left during this period of pregnancy, and to the light 
in the puerperium. The first case has an angle of -2 degrees \Adiich is 
slight axis deviation (considering 0-90 as normal). Following the de- 
livery the angle changed to 49, Avhich is normal. The next tAvo cases 
with an electrical axis of “0” may be considered as having a tendencji 
to left axis deviation. Their axis, too, became normal folloAving the de- 
livery. Cases 4, 5, 6 and 7 may be considered as having only a slight 
tendency toAvard left axis deAuation, Avhich became normal after the 
delivery. The next six cases are, as considered by somc,'^ at the loAver 
limits of normal. The greatest shifting of the axis toAvard the left 
Avas noticed in Case 9. Before delivery the angle Avas 10 degrees and 
after delivery 90 degrees; in other Avords from the loAver to the very 
upper limits of normal. Cases 14, 15, 16 and 17 had each an angle of 
30 degrees before delivery. During the first week of puerperium this 
angle changed to 72°, 58°, 55°, and 60° respectively. Cases 18 19 20 
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and 21 had angles which arc considered just normal, and the shift to 
the right following delivery was not very marked, the largest being 20° 
and the smallest 13°, Thus, in the entire series tlie shift to tlic right 
in pucrperium varied from one of 13° to one of 80°. The average direc- 
tion of the electrical axis between the thirty-second and thirty-sixtli 
weeks of pregnancy in this scries was 19°, and a week after the de- 
livery 57°. The average difference, thus, in the axis was 38° in a 
counter-clockwise direction, or shifting to the left. This figure is 
greater than that reported b}' Carr and Palmer, whose difference is onl.y 
27° to the left in four cases in which an electrocardiogram was taken 
after delivery. 

Table I 


Inploexce op PRr.GRAXCY ox Diuectiox op the Electrical Axis axd ox Tj-Wave 

IN THE Norsial Heart 


PREGNANCY 

32-36TH WEEK 


PUERPERIOM 
FIRST WEEK 

DIPPEEENCE 
IN THE ANGLE 

CASES 

ANGLE 

T,* 

ANGLE 

T/ 

ANGLE 

X 

-2° 
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Our results correspond rvith those of the authors mentioned, although 
our procedure was somewhat different. Taking into consideration what 
is knovm about the influence of the position of the heart on the electro- 
cardiogram, it is logical that, at a certain stage of pregnancy, when 
the diaphragm is very often pushed up so tliat the heart lies in a com- 
paratively transverse position, there should he a shift of the electrical 
axis to the left. (Pig. 1.) The type of the individual also plays a great 
part; the li 3 ''pei’sthenie jiatient during pregnanej’' will show more devia- 
tion to the left than will the opposite tj^pe. This factoi', besides the size 
of the bab}’’ and the amount of amniotie fluid, maj^ be responsible for the 
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difference in the degree of the shift in different patients, or for the 
absence of an appreciable deviation in others. That is, a fairly high 
diaphragm with a small uterus may produce more shifting than a low 
diaphragm with a good-sized baby. 

Eecent studies in obesity®’ » show tliat the position of the diaphragm 
is often responsible for left axis deviation and changes in Lead III. The 
electrocardiogram returned to normal in the great majority of patients 



Pig. 1-— rSix pairs of electrocardiograms to show the variations which may be en- 
countered in Lead III during pregnancy. In each case, the first electrocardiogram 
thirty-second and, tliirty-sixth weeks of pregnancy and the sec- 
ond during tlie first week of the puerperium. 

who lost weight by dieting. Kimura studied the roentgenograms and 
the electrocardiograms of patients with big ovarian tumors. The heart 
occupied a more or less transverse position in the chest, and the electro- 
cardiogram showed a tendency to left axis deviation. The T-wave in 
Lead III became flattened or inverted. After removal of the tumor the 
heart became more vertical, and the electrocardiogram shifted toward 
the right, and the T-wave in Lead III assumed an upright position 
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Bland and White in studying one hundred electrocardiograms with com- 
plete inversion of Lead III showed that 72 per cent of the patients had 
a high diaphragm and a transverse position of the lieart, and that 
55 of these were obese individuals. All tliese studies tend to sliow tliat 
it is the position of the heart and not the questionable transient hyper- 
trophy that is responsible for the shifting of the axis toward the left. 

Changes in ihc P-wave in Lead TIL — We have encountered two records 
w’ith an inverted P 3 . One was associated with an inversion of the entire 
Lead III, besides an inverted P„, and the other occurred in an otherwise 
normal electrocardiogram. Both remained unchanged during the pner- 
perinm, in spite of the fact that the other eomijlexes of the inverted lead, 
as well as the inverted P^, became upright. There was a definite tend- 
ency, ho\vever, for the P-wmve in Lead III to become more defined and 
of a somewhat higher voltage after the delivery. However, it seems 
that the influence of pregnancy on the P-waves is only slight and of little 
significance. 

Changes in the Q-wave m Lead TIT. — ^Pive records with large Q-waves 
in Lead III, according to the criteria of Pardee, were found in this 
series of 36 cases. They were all associated with inverted Tg. Three of 
these large Q-wmves in Lead III disappeared after pregnancy (see and 
Bg, Pig. 1 ). In one of these the negative T-wave in Lead HI became 
flattened, and the Eg became somewhat higher. In the remainder the 
Tg was not changed. According to the recent literature,^®’ the large 
Q-wave in Lead III during pregnancy is taken to signify a transverse 
position of the heart due to elevation of the diaphragm. That the devia- 
tion of the septum from its usual position, as well as the transverse posi- 
tion of the heart, may be a factor in the production of Qg, has been sug- 
gested.®^ The incidence of the large Qg in our series is about the same 
as that reported by others. It is of interest that the incidence of the 
larger Qg in normal hearts in pregnancy is very much greater than in 
normal hearts in a control series.®®’ ®® Evidently the altered position of 
the heart is a large factor in this change. 

Changes in T-wave in Lead III. — Of the 21 cases that showed marked 
changes in direction of the electrical axis, Tg was complete^ inverted in 
17 ; in one it was flat, in one diphasic and in two upright. During the 
pnerpeinnm the Tg w’as negative in 11 eases, diphasic in 2, and upright in 
8; in other words a gain of one diphasic Tg and 6 upright ones. (See 
Table I.) Left axis deviation or tendenej’’ thereto, due to a change in po- 
sition of the heart, is usually associated with an inverted T-.®’ ®® Our 
records biung this out. Table I shoAvs that the first upright T in Lead 
III is seen in Case 13, whose angle is 18°. The next one is seen in the 
last ease, whose angle is 53°. During the puerperium the appearance 
of the upright T-AvaA’e in Lead III Avas usually associated Avith angles 



FBLDMAN-HILIj : ELECTROCARDIOGRAM OF NORIvIAL HEART IN PREGNANCA' 115 

of 50° or over, wliicli is considered normal. On tlie other hand, in no 
instance did a positive T., during pregnancy become changed after the 
delivery. 

There were four records which showed no changes in the electrical 
axis but had negative Tg. After the delivery, one such became diphasic, 
one flat and two upright. Hence by adding these two groups showing 
changes in Tg we find that out of 25 records, an inverted Tg was seen 
in 21 patients before delivery and only in 11 after — a change of 47.61 
per cent toward the upright. 



. 2. — A, Two electrocai'diograms of the same patient. A was taken between 

the thirty-second and thirty-sixth weeks of pregnancy. Rate is 105. Frequent ex- 
trasystoles in Lead I, and P 2 and P 3 are inverted. Lead III shows a run of ventricular 
tachycardia. 

B was taken during the first week of puerperium. Rate is 96. Arrhythmia dis- 
appeared. P 2 has become positive. Note the change of the direction of the electrical 


Pardee states that a domiward Tg may be due at times to a high posi- 
tion of the diaphragm. This would tip the apex of the heart upward 
and would tend to produce a relatively small or even inverted Tg, just 
as it tends to produce a small or inverted Rg. The variations in the 
direction of the electrical axis within the heart, giving rise to the T- 
wave are modified by the position of the heart in the body. The changes 
in the T-waves in Lead III in our series can probably be accounted for 
by the high position of the diaphragm. Thus the heart has moved, as we 
view the patient from the front, in a counter-clockwise direction when 
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the uterus lias reached its highest level in the abdomen, and in a clock- 
wise direction as soon as the uterus has emptied itself. 

Arrhythmia : — One of our records showed frequent ventricular extra- 
sj^stoles terminating in a short paroxysm of ventricular tachycardia. 
This was observed on several occasions between the thirt 3 "-second and 
thirtj^-sixth weeks of pregnancy. The rate per minute ivas .over 100 each 
time, and the patient ivas very uncomfortable. She was conscious of 
these "skipped beats,” and she experienced some dyspnea. In the cIcct 
trocardiogram taken after the delivery, the arrhythmia was absent, 
and the pulse rate was lowered somewhat (Fig. 2). The s.ymptoms also 
disappeared. Premature contractions have been known to exist dur- 
ing pregnancy and labor. According to Mackenzie, this arrhythmia 
occurs very frequentlj^ during 2 )regnanc.y. It is of interest to note that 
the comparatively rapid heart in our patient did not prevent the ap- 
pearance of these premature contractions. It is possible that some 
product of the metabolism in pregnanc 3 '- is responsible for the produc- 
tion of this arrh 3 dhmia. 

SUMMARY 

1. The electrocardiograms of 36 pregnant women with normal hearts 
were studied. One electrocardiogram was taken some time between the 
thirt 5 ^-second and thirt 3 "-sixth weeks of pregnanc 3 ', and a second during 
the first week of puerperium. 

2. Twenty-one cases (58.33 per cent) showed a left axis deviation or, 
tendene 3 ’' thereto during the time when the uterus was at its highest 
level in the abdomen. The smallest deviation in a countei’-clockwise 
direction was 13° and the largest was 80°, the average being 38°. The 
axis shifted to the right following delivery. 

3. An inverted Tg was seen in 17 of the 21 records showing axis 
deviation. Two were positive, one was isoelectric, and one was diphasic. 
During the puerperium there appeared onl 3 ’’ 11 inverted, 8 positive, and 
2 diphasic Tg. Four records, not showing any change in the axis, showed 
Tg inverted during pregnancy, and after delivery in two instances this 
became upright, in one isoelectric and in one diphasic (11.11 per cent). 

4. Three records of the 36 (8.33 per cent) showed a large Qg which 
disappeared following the delivery. 

5. One case (2.61 per cent) had frequent ventricular extras 3 ’-stoles, 
terminating in a short run of ventricular tachycardia. After the de- 
livery this arrh 3 dhmia disappeared. 

6. Adding the changes seen in the axis, T-waves alone, the large Qg. 
and one case of arrlydhmia, we have an incidence of 80.88 per cent in 
our series that showed changes in the electrocardiogram during a time 
when the uterus was at its highest level in the abdomen. (Table II.) 

7. These findings corroborate those found in the literature and are 
compatible with the interpretation that during this stage of pregnancy 
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the heart assumes a comparatively transverse position dne to the eleva- 
tion of the diaphragm. 

Table II 


The Incidence of Changes in the ElecteocakdiocSram of the Normal Heart 
IN Thirty-Six Pregnant Women 


CHANGES 

CASES 

PER CENT 

Changes in angle and T. 

21 

58.83 

Large Q in Lead III 

3 

8.33 

Changes in T, alone 

4 

11.11 

Changes in rhythm 

1 

2.61 

Total 

29 

80.88% 


8, When interpreting an electrocardiogram of a pregnant woman, one 
should bear in mind that at a certain stage of iiregnancy left axis devia- 
tion, or tendencj’- thereto, may often be found; that a large Qg may 
frequently be seen; and that extrasystoles are not rare. These findings 
disappear as soon as the uterus empties itself. 
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ELECTROCARDIOGRAMS PROM A FOUR AND A HALF 
MONTHS OLD FETUS 

Mary H. Easby, M.D. 

Philadelphia, Pa. 

T he diagnosis of incarcerated retroversion of a four inontlis’ preg- 
nant uterus with threatened abortion was made on a twenty-seven- 
year-old colored woman, and laparotomy was decided upon. Dr. jMartha 
Elizabeth Howe and I made preparations to take electrocardiographic 
tracings of the fetus, hoping at first that this could be done with the 
fetus in the uterus, before the removal of the uterus from the abdomen. 
However, at operation the findings were as follows : 

The rectosigmoid junction and a fresh left pus tube were densely ad- 
herent to the anterior surface of the uterus, 1 cm. above the vesical 
fold of the peritoneum. In separating the adhesions the uterine wall 
had to be sacrificed to save the intestine, and a ragged tear was thus 
made with free bleeding and protrusion of the placenta." A supra- 
vaginal hysterectomy and bilateral salpingectomy were performed with- 
out, of course, opening the uterus in the abdomen.’^' 

Immediately after removal, the uterus was opened, and the fetus, 
measuring 21 cm. in length, was removed, the connection between fetus 
and placenta being allowed to remain intact. The heart could be seen 
to be beating vigorously and continued to contract for approximately 
forty-five minutes. During this period we obtained the accompanying 
tracings. 

Ordinary copper wire was used for electrodes, one end of the wire 
being inserted under the skm and the other end attached to the lead 
cables of a Sanborn portable electrocardiograph. The first three electro- 
cardiograms were obtained with one electrode at the apex of the heart 
and the other just below the angle of the left scapula. An effort was 
made to obtain limb leads also, but only Lead II could be successfully 
recorded. 

Tracing A was taken with the fetus attached to the placenta; that is, 
with the umbilical cord intact. B "ivas taken with the cord firmly 
clamped. The general contour of the complexes is very similar to those 


Tlie g^Tnecological data were supplied bj- the operator, Hr. F. S. Fetterman. 
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of A, but the T-wave is less deeply inverted. C was taken several 
minutes later when the rate was beginning to slow. D was taken with 
the electrodes inserted under the sldn of the right wrist and left ankle. 



B 


C 


D 


Pig-. 1. — Electrocardiogi-ams from a four and one-half months’ fetus. A, B and O. 
Chest leads — A, fetus attached to placenta ; B, umbilical cord clamped ; C, same as B, 
several minutes later, rate slowing. D, limb lead (right arm, left leg). 


In general contour and direction of complexes it resembles the adult 
type of electrocardiogram. 

As far as I have been able to ascertain, no electrocardiographic records 
from so young a fetus have been published prior to this time. 


FREE BALL THROMBUS OF THE LEFT AURICLE^' 


Julius Elson, M.D. 

St. Louis, Mo. 

•"PHE presence of a free ball thrombus in the heart is so rare as to be 
■■■ classed almost as a clinical and pathological curiosity. According 
to Covey, Crook, and Rogers,^ twenty-tliree eases liad been reported 
up to the appearance of their paper in 1928. These, together ■svith their 
case, plus those of Selnvartz and Biloon- and ours, make a total of 
twenty-seven, of which thirteen were diagnosed or suspected during 
life. According to the criteria of Hewitt,® the two chief requirements 
for this diagnosis are that (1) it must be larger than the orifice in 
front of it, and (2) it must have a smooth surface and show no signs 
of former attachment. A number of thrombi have been wrongly con- 
sidered as free when in reality they have been accidentally tom loose 
from their attachment by the manipulations of the pathologist in open- 
ing the heart. Practically, it is a matter merely of academic interest to 
distinguish, if it were possible, between a free thrombus and a peduncu- 
lated one, since both can act in the same way in producing sj^mptoms. 

It is our purpose to present an additional case and to discuss a few 
of the salient points in the clinical picture and the diagnosis. 

REPORT OF CASE 

A. K., female, fifty-three years old, was admitted to the Jmvish Hospital on 
March 26, 19?2, complaining of generalized aches, pains, and fever. Four days 
previously she had had dizzy spells and had become white and cold. There had 
been nausea and vomiting as well as some fever and cough for two days. She dated 
her first symptoms eight years before this entry when she began to have precordial 
pain and palpitation. Five j'oars after the onset of her first symptoms she had been 
admitted to the hospital with the heart severely decompensated. At that time the 
diagnosis of auricular fibrillation, chronic myocarditis, and chronic passive congestion 
of the liver and lungs was made. With rest in bed and digitalization she quickly 
improved and was discharged from the hospital. 

On her present admission she was deeply cyanotic and dyspneic, the heart was 
enlarged, and a systolic murmur was heard over the whole precordium, rougher over 
the aortic area than elsewhere and transmitted to the neck vessels. Mitral stenosis 
as indicated by a presystolie apical murmur and auricular fibrillation were present, 
the apex and radial rates being 84 per minute. Over the lungs, which were 
emphysematous, coarse rhonchi were heard which later disappeared. The abdomen 
■was tympanitic, and the liver Avas felt trvo fingerbreadths below the costal margin. 
The reflexes ivere normal, no pathological toe signs being elicited. She was given 
relatively small doses of tincture of digitalis (1 c.c. daily) and became comfortable 
and symptom-free for the next ten days Avhen.she Avas alloAved to be up and about. 

*From tl)p medical serA’ice of Dr. D. Sale, Jewish Hospital of St. Louis. 
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On April 7, 1932, she began to complain of sudden pain in both lower extremities 
and of marked coldness of the legs and cried out that she was dying. The arms 
and hands were found to be cold, while the finger tips were slightly cyanotic. In 
addition, too, the legs were cold, pale, cyanotic, and there Avas tenderness over the 
tibial ridge. The dorsalis pedis, popliteal, and femoral pulsations could not be 
felt. The pupils Avere dilated and reacted to light and accommodation. The 
heart Avas generally enlarged; the apex and radial rates AA'ere 72. On auscultation the 
precordial murmur Avas unchanged, and the second sound Avas accentuated every- 
Avhero. The blood pressure Avas 230/80 mm. It was thought that she had developed 
an embolus just above the bifurcation of the aorta. The next day both loAver ex- 
tremities were cold and pale from just beloAv Poupart’s ligament doAvnAvard, the right 
leg being a trifle mottled. There Avas Avell-marked hyperesthesia from the middle 
of the thighs to the knees, Avhile from the knees doAvnAvard there AVas anesthesia. 
The femoral, popliteal, and posterior tibial pulsations remained impalpable. On the 
third day there Avas no indication of gangrene, the color of the legs had improved, 
and except for the toes the extremities had become Avarm, an improvement Avhich had 
become definite within forty hours of the onset of symptoms. 

On April 17, 1932, she suddenly began to gasp for breath and complain of chest 
pain. She Avas found sitting up, breathing hurriedly and heavily, apparently in 
agony. The chest pain Avas localized to the loAver precordium. Her complexion Avas 
as usual, and examination of the lieart revealed no neAv findings. The right radial 
pulse Avas markedly Aveaker than the left; the blood pressure could not be obtained 
on the right arm, Avhile on the left it Avas 220/90. This attack quickly subsided, 
and it Avas at this time that the presence of an occluding ball thrombus of the left 
auricle Avas suspected for reasons Avhich will be discussed later. The next day the 
right radial and brachial pulsations Avere still very feeble, but the arm was Avarm 
and seemed to be somewhat spastic. 

She steadily lost ground, getting Aveaker and the extremities becoming quite cold 
again. The pulse could hardly be palpated anyAA'here, and she lapsed into coma, 
dying April 25, 1932, eighteen days after the onset of symptoms of peripheral 
circulatory disturbance and thirty days after her admission. 

Autopsy Findings. — The pertinent findings at the post-mortem examination which 
Avas done by Dr. Sam Gray Avere as follows: 

Heart: The heart Avas someAvhat enlarged, the hypertrophy occurring chiefly’ in 
the right ventricle. The musculature of the left auricle Avas also hypertrophied. 
The tricuspid, pulmonary and aortic valves Avere thin and delicate and presented 
no deA’iation from the normal. The mitral valve was very thick and hardened, and 
the leaflets Avere fused, presenting at its opening a mere slit measuring 4 x % cm. 
The chordae tendineae Avere short and thick. 

Within the left auricle there Avas a moderately firm, slightly OA'al, smooth- 
surfaced thrombus measuring 7x5 cm. A thin, recently formed post-mortem blood 
clot adhered to one edge of the thrombus and extended on to the ear of the auricle. 
After a careful search no small thrombi or areas of endocardial roughening 
Avere found. Upon section the central part of the thrombus Avas beginning to under- 
go softening, although as yet it Avas still compact. 

Aorta: In the aorta from above the origin of the celiac axis and extending doAvii 
for 2 cm. into the right iliac and 4 cm. into the left iliac artery there Avas a thrombus 
completely occluding this vessel. Sections taken through the aorta and iliac arteries 
shoAved the oldest part of the thrombus to be that in the left iliac artery and the 
lowermost portion of the aorta. The remainder probably is a propagated thrombus 
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The uppermost part of the thrombus is smooth. Tlie axillary arteries were opened 
from their beginning to a distance about halfway down the arm, but no thrombus 
was encountered. A probe passed further down met no resistance. 

Lungs: No significant changes were' found. 

Spleen: The spleen was firm and presented one small depression, probably the 
result of a healed infarct. 

Kidneys: The left kidney presented several deep depressions, probably the re- 
sult of previous infarcts. The right kidney had several rather fresh infarcts with 
the typical yellowish area of necrosis and a zone of hemorrhage about it. 

Pathological diagnosis.: (1) Free ball thrombus of the left auricle, (2) throm- 
bosis of abdominal aorta, (3) mitral stenosis, (4) infarcts of kidneys and spleen, 
(5) chronic passive congestion of viscera. 

COMMENT 

In 189(), Von Ziemssen* .suggested for the first time, from a study 
of three patients, the possibilitj’' of diagnosing occluding auricular 
thrombi clinically. He stated that the criteria upon tvhich the diag- 
nosis could be made were: (1) absent or decreased pulsations in the 
peripheral vessels, (2) circumscribed gangrene of the feet, and (3) 
cadaveric coldness and swelling of the legs. 

Since then, eases diagnosed clinically and confirmed by autopsy have 
been reported by Bozzolo® in 1896, Lutembacher® in 1917, Auberton 
and Rime^ in 1926, Covey, Crook, and Rogers^ in 1928, Schwartz and 
Biloon^ in 1931, and the one which we are presenting. 

Prom examination of the case reports and the experience with the 
one presented by us, we are in accord with the opinion expressed by 
Schwartz and Biloon and others that the clinical diagnosis of a ball or 
pedunculated thrombus of the left auricle can be made and is justifiable 
under certain conditions. No conclusions could be draum from the his- 
tory alone, although the presence of a long-standing mitral stenosis to- 
gether with aurieular fibrillation, which were present almost invariably 
in the reported cases, adds someAvhat to the j^ossibility of this diagnosis. 
With a very few exceptions the signs over the heart itself are not un- 
usual and do not aid us in determining the presence of this condition. 
The most important diagnostic feature, in our opinion, is the presence 
of the comparatively rapid and transitory changes in the peripheral 
cii’culation, such as marked cyanosis or even gangrene which may in- 
volve the finger tips, toes, or tip of the nose. Cadaveric coldness may 
occur suddenly, and quickly improve or disappear. The disappearance 
or diminution of pulsations, not fi’om one extremity but from several 
of them, including both upper and lower, and their relatively rapid 
restoration as occurred in our case should be emphasized. Such symp- 
toms cannot be explained on the basis of peripheral emboli alone. More- 
over, it is unusual for peripheral tlirombotic emboli to be given off to 
such wide-spread areas simultaneously. They can, however, be explained 
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by the presence of a ball thrombus in the left auricle which temporarily 
obstructs the flow of blood into the ventricle with consequent serious 
wide-spread impairment of peripheral circulation. With dislodgment of 
the thrombus, the symptoms and signs improve or disappear, the pulsa- 
tions in the extremities return, the color becomes better, and the legs 
and arms become warm. These peripheral phenomena may be caused in 
two ways: (1) by obstruction of the mitral orifice with the ball throm- 
bus, or (2) by the presence of emboli in the peripheral circulation to- 
gether with the auricular ball thrombus, as occurred in the case we have 
described. 

CONCLUSIONS 

A case of free ball thrombus of the left auricle suspected ante mortem 
is presented, and the possiliilities of making a diagnosis clinically are 
discussed. 

The diagnosis is frequently impossible, but it can sometimes be made 
on the basis of (a) long-standing mitral stenosis usualty with auricular 
fibrillation, and (b) ivide-spread and transitoiy disturbances in the 
peripheral circulation. 


REFERENCES 

1. Covey, G. W., Crook, R., and Rogers, .F. H.: Am. J. M. Sc, 60: 175, 1928. 

2. Schwartz, S. P., and Biloon, S. : Am. Heart J. 7: 84, 1931. 

3. Hewitt, J. H.: Johns Hopkins Hosp. Reports 17: 1, 1915. 

4. Ziemssen, V. : Congress f. inn. Mod. 9: 281, 1896. 

5. Bozzolo, C.: Eiforma Med. 1: 98, 1896. 

6. Lutembaeher, E.: Arch. d. mal. du coeur 10: 353, 1917. 

7. Anberton, Ch., and Eime, G. : Presso mcd. 34: 97, 1926.- 



UNUSUAL MANIFESTATIONS FOLLOWING THE USE OF 
QUINIDINE SULPHATE IN A PATIENT WITH 
AURICULAR FLUTTER^- 

Abrahaim Jezer, M.D.j and Sidney P. Schwartz, M.D. 

New York, N. Y. 

' I *HE following case of transient amblyopia and of an ectopic rhytlim 
resembling ventricular tachycardia, following the administration of 
qiiinidine sulphate during the presence of auricular flutter, is of un- 
usual interest. 

REPORT OF case 

B. G., a Jewish female, aged fortj'-live years, was admitted to the Montefiore 
Hospital on April 10, 1933, with a history of recurrent ej^isodes of palpitation of the 
heart. Her heart rate varied between 110 and 220 beats per minute, and electro- 
cardiograms revealed the underlying cardiac mechanism to be auricular flutter with 
a variable ventricular response. Congestive heart failure, such as enlargement of 
the liver and edema of the lower extremities, appeared when her heart rate re- 
mained elevated. Digitalis, administered in large doses, did not abolish this rhythm. 

On April 19, 1933, two tost doses of 0.2 gram each of quinidine sulphate 
were administered at a four hour interval. Follou-ing the second dose the patient 
complained of severe headache, dizziness, and nausea. The drug was then discon- 
tinued. She continued to show auricular flutter (Big. 1-1). Digitalis was again 
given in 0. 2-0.3 gram daily doses, but there was no effect on the heart rhythm. 
The paroxj’sms of 1:1 flutter continued unabated, and the condition of the patient 
became desperate. 

On May 9, 1933, a j)robatory dose of 0.2 gram of quinidine was again given, and 
this time there were no toxic manifestations. A 0.2 gram dose of quinidine sulphate 
was then given every two hours for 8 doses on this day, and this dosage was repeated 
on the following day. The rate of the auricles persisted at 220 beats per minute, 
and the ventricular rate remained at 110 beats per minute. The total amount of the 
drug given on May 9 and 10 was 3.2 grams. 

On May 11, 1933 (third day), after 6 similar doses had been given over a period 
of twelve hours, there was an increase in the ventricular rate to 204 beats i^er minute. 
The drug was then given every hour in the 0.2 gram doses until the following 
afternoon. At 2 F.jr. of the next day (May 12, 1933) the flutter waves in the 
neck veins were no longer A-isible. The heart rate was 75 beats per minute. An 
electrocardiogram confirmed the presence of sinus rhj-tlim with a marked increase m 
the P-B interval to 0.32 second (Pig. 1-2). The total amount of the drug given on 
May 11 was 3.6 grams. 

The sinus rliythm persisted until 7 P.M. when, after slight exertion, there was a 
sudden rise in the heart r.ate to ISO beats per minute. Tlie flutter waves verc 
again seen in the neck. Tlie hourlj- administration of quinidine, which had been 
discontinued one hour with the onset of sinus rhythm, was again resumed. The 

‘From the Medical Division of the Montefiore Hospital. Service of Dr. Leopold 
Lichtwitz. 
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ventricular rate now iell to 100 boats per minute but tbe rbytbm was irregular, the 
irregularity being due to a variable ventricular response in the presence of auricular 
flutter. The total amount of the drug given on May 12 was 3.2 grams. 

On May 13, 1933 (fifth day), only a doses of 0.2 gram of quinidine were given 
at two hour intervals. The administration of the drug rvas then discontinued for 
the day because numerous premature beats were observed in the electrocardiogram. 
The total amount of the drug given on May 13 was 1.0 gram. 



Pig. 1. — ^Lead I. 


On May 14, 1933 (sixth day), tlie ventricular rhythm was again regular, the 
ventricles beating at 110 per minute and the auricles at 220. The patient received 
0.2 gram of quinidine hourly for 4 doses, and then the interval between doses, 
was increased to two hours. The total amount of the drug given on May 14 w-as 
2.8 grams. 

On May 15, 1933 (seventh day) , the auricular flutter persisted, and the ventricular 
rate ranged from 80 to 110 beats per minute with a varying degree of block. During 
this day, however, multiple premature ventricular beats were again noted, and the 
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drug was temijorarily diseoatinucd after two doses of 0.2 gram eaeli given at a two 
hour interval. The total amount of tlie drug given oji May 15, ivas 0.4 gram. 

On May IG, 1933 (eighth day), the ventricular rate ranged from So to 110 beats 
per minute, and the auricles still fluttered at a rate of 200 beats per minute until 
2:30 P.M. when the ventricular rate suddenly increased to 220 beats per minute and 
the patient’s pulse could not be felt. Quinidine sulphate was now again administered 
in 0.2 gram doses every hour. The ventricular rate fell to 100 beats per minute after 
two hours and remained at that level until late in the evening when there was 
another sudden rise to 200 beats per minute. Electrocardiograms at this time showed 
auricular flutter with a 1 : 1 ventricular response. Tlie total amount of the drug given 
on May 16 w'as l.S grams. 

On May 17, 1933 (ninth day), at G A.M. the degree of auriculoventricular nodal 
block increased, and the ventricular rate fell to 105 beats per minute. The patient 
was given hourly doses of 0.2 gram of quinidine sulphate. The ventricular rate 
remained at 100-110 until S P.M., 'when it again increased to 200 beats per minute. 
A 0.4 gram dose of quinidine sulphate was administered at hourly intervals for two 
doses, w'hen the patient began vomiting; the drug ■was then discontinued. The total 
amount of the drug given on May 17 'was 4.8 grams. 

During that night the ventricular rate varied from 140 to ICO beats per minute 
and the patient w^ent into circulatory collapse early the following morning. 

On May 18, 1933 (tenth day), the respirations were Cheyne-Stokes in type; 
the lungs had filled up with moisture; and the ventricular rate persisted at 160 beats 
per minute and -was regular. Metaphyllin solution, 2 c.c., was given intravenously 
with an immediate return to normal respirations. Early in the afternoon the patient 
regained consciousness. Later that afternoon she complained of inability to see. 
The fundi did not show’ any changes, and the neurological o-vamination was also 
negative. 

The electrocardiogram (Fig. 1-3) taken in the morning when the rate was 120 
beats per minute showed an aberrant ventricular complex in the presence of a slo-sv 
ventricular rate. However, the possibility of a ventricular response to every second 
auricular flutter impulse, with deformed ventricular complexes due to quinidine 
poisoning in the conduction mechanism in the ventricles must be considered, espe- 
cially in the light of later records. At 2 P.ar. the ventricular rate was 149 beats per 
minute and regular (Fig. 1-4). This record shows the aberrant nature of the 
ventricular complexes to be less marked than in previous records. (No quinidine 
sulphate w'as given on May 18.) 

T'wo hours later another record (Fig. 1-5) disclosed the same typo of ventricular 
complex as in Fig. 1-4. Ho-wever, there was a definite irregularity in the rhythm 
due to an interpolated ventricular beat (Fig. 1-5X) ■which resembled the other 
ventricular complexes in this lead. The ventricular rate is doubled by the inter- 
position of this beat. This is further evidence that we may be dealing here with 
an auricular flutter wdth a 2:1 response interrupted in this one instance by a 1:1 
response of auricle to ventricle. The aberrant nature of the ventricular complexes 
may be due to quinidine intoxication, since they’ disappeared after quinidine was dis- 
continued. How’ever, w'e cannot definitely rule out the possibility of an ectopic 
ventricular tachycardia. 

Subsequent Course . — The ventricular rate on the evening of May 18, 1933 (tenth 
day), again increased to 180 beats per minute and throughout the night ranged from 
180 to 220 beats per minute. No quinidine sulphate had been given tliis day. The 
patient again went into circulatory collapse. Early the next morning (May 19) the 
ventricular rate fell to 100-120 beats per minute, and the patient’s condition im- 
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jiroved. Later tliat day slic could dimly sec moving objects. Toward evening a left 
liomonymous hemianopsia was found. On the following day (May 20) the patient's 
visual fields became larger and gradually increased until they again were normal. 
The ventricular rate remained at 100-120 until May 23, when moderate doses 
of digitalis were again administered and fibrillation of the auricles resulted, although 
digitalization before the quinidine sulphate had been administered had not altered the 
rhythm. The ventricular rate was now maintained at 80-100 beats per minute by 
the administration of large daily doses of this drug for four weeks, when the 
paroxysms of 1:1 flutter returned at irregular intervals. 

SUMMARY 

A woman witli hypertension and repeated paroxj’-sms of 1 :1 auricular 
flutter received 20.8 grams of quinidine sulphate within nine days, in 
total doses ranging from 0.4 gram to 4.8 grams a day with the purpose 
of abolishing this abnormal rhjdhm. 

The doses ranged from 0.2 gram of the drug at two hour inteiwals 
to 0.4 gram at hour intervals. On the fourth day, after 9 grams of 
quinidine had been administered, the auiflcular flutter was temporarilj^ 
abolished and normal sinus rhythm was restored for a few hours. Fol- 
lowing the reestablishment of auricular flutter, the patient went into 
circulatory collapse on several occasions when there was a return of the 
1 :1 flutter. 

A ventricular rhythm with widely aberrant complexes resembling 
those seen in ectopic ventricular tachycardias was found on the ninth 
day, and the drug was then discontinued. All these abnomal com- 
plexes then disappeared. On the tenth day, one day after the drug had 
been discontinued, the patient complained of blindness which gradually 
disappeared, and normal vision returned after four days. 
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Simmons, Stanley T.: Rheumatic Heart Disease: Clinical Data as Observed in 
Louisville, Kentucky. Am. J. M. Sc. 187: 773, 1934. 

In this study of 206 cases of rheumatic heart disease seen in the Louisville 
City Hospital, it was noted that the disease occurred most commonly in the third 
and fourth decades of life. The sex incidence showed the usual greater frequency 
of infection in females in the ratio of 3:2. There was a predominance of white 
patients to colored in the ratio of 5:3. There was a definite history of rheu- 
matic infection in 91 per cent; 68 per cent of the patients had had rheumatic 
fever. The fir.«t attack occurred before the age of thirty years in 93.5 per cent. 
The primary infection occurred in only one patient after the age of fort}'. 
Seventy-five per cent of the patients w'ere in the hospital some time during the 
period covered by the study with cardiac symptoms. Eighty-five per cent showed 
some degree of decompensation before the fortieth year. 

■Weinstein, A. A.; Davis, David; Berlin, D. D.; and Blumgart, H. L.: The Mecha- 
nism of the Early Relief of Pain in Patients With Angina Pectoris and Con- 
gestive Pailure After Total Ablation of the Normal Thyroid Gland. Am. J. M. 
Sc. 187: 753, 1934. 

Observations on the immediate postoperative relief of chest pain after total 
thyroidectomy in nineteen patients are described. 

Data were collected before, immediately after, and during several weeks aftei 
operation in three groups: (1) changes in nonanginal precordial pain; (2) changes 
in areas of skin hyperesthesia and muscle and periosteal hyperalgesia of the 
chest w'all; (3) changes in the character and distribution of pain of angina 
pectoris. 

Within a few' hours after operation, nonanginal precordial pain, hyperalgesia, 
and hyperesthesia disappeared, remained absent from tw'o to four weeks but then 
usually reappeared if the basal metabolic rate had not declined significant j . 
Only after the basal metabolic rate had dropped appreciably did the above men- 
tioned signs and symptoms diminish or disappear permanently. 

Studies were made on the distribution of the pain of angina pectoris produced 
under standard conditions in three patients before and after hemithyroidectomy. 
The remaining half of the thyroid gland was removed at a later date. Exercise 
within tw'o weeks after hemithyroidectomy produced no pain in the arm and the 
side of the chest corresponding to the side of operation. The pain of angina 
pectoris was experienced only on tbe unoperated side and usually stopped sharp j 
at the midline of the sternum. The similarity of these findings to those after 
cervical sympathectomy and alcohol injection is discussed. The basal metaboiic 
rate did not change appreciably after the first hemithyroidectomy. After from two 
to eight w'eeks, pain on exercise was again experienced on the operated side. 
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Only after removal of the other half of the thyroid gland and after an appreciable 
drop in the basal metabolic rate v?as the pain of angina pectoris permanently 
relieved. 

These observations point definitely to the following conclusions: (1) the im- 
mediate relief of pain after total thyroidectomy is due to the interruption of 
afferent nerve impulses from the heart at the time of operation; (2) relief by 
this mechanism is only temporary; (3) permanent relief is related to the lessened 
work of the heart attendant on the development of the hypothyroid state. 

These findings indicate that after total ablation of the thyroid, complete bed 
rest should be enforced, despite the early subjective relief experienced by the 
patient, until the basal metabolic rate shows significant lowering. 

Stroud, William D.; Bromer, Albert W.; Gallagher, J. Roswell; and Vander Veer, 
Joseph B.: A Clinical Comparison of a Purified Glucoside and Whole Leaf 
Preparations of Digitalis. Am. J. M. Sc. 187; 746, 1934. 

The present study was undertaken in an effort to determine whether or not 
there is any difference in the therapeutic value of whole leaf as compared with 
a purified glucoside preparation of digitalis. Twenty-five ambulatory cases of 
established auricular flbrilation were divided into three similar groups. One 
group was given a preparation of the extracted, pnrified glucosides of digitalis; 
another was given a whole leaf preparation manufactured by a well-established 
pharmaceutical house; and the third group received whole leaf tablets prepared 
by the American Heart Association. The groups were followed clinically for nine 
months and then, after interchanging the preparations, for another period of six 
months. No significant difference could be ascertained in the clinical pictures of 
the patients in the three groups during the period of observation. 

The Etiology of Acute Rheumatism and Chorea in Relation to Social and Environ- 
mental Factors. Joint Discussion of the Section on Epidemiology and Section 
for the Study of Disease in Children. Proc. Roy. Soc. Med. 27: 953, 1934. 

This discussion by various speakers presents briefly the current ideas on the 
etiology of rheumatism and chorea in relation to many social and environmental 
factors. It summarizes briefly, especially the English viewpoint, the many ob- 
scure and debatable points in connection with this disease. Several important 
observations not otherwise reported are included in the discussion. 

Pomerance, Max, and Frucht, Simon; Heart Block in Rheumatic Fever. Am. J. 
Dis. Child. 47: 1087, 1934. 

In a series of children with rheumatic fever, thirty-one in number, twenty- 
eight showed prolongation of the P-R interval; the other three showed complete 
dissociation, complete heart-block and left bundle-branch block, occurring during 
the acute attack. These three cases illustrate four important considerations of 
these disturbances of cardiac rhythm: (1) the fleeting character of the abnormal 
rhythm; (2) the accelerated ventricular rate in complete heart-block, making the 
clinical diagnosis impossible; (3) the curious auriculoventricular dissociation in 
which the ventricular rate is higher than the auricular rate; (4) the necessity 
lor exact records in all rheumatic cases. 

Siemsen, Walter J.: Evaluation of Nonorganic Auscultatory Cardiac Findings 
and the Venous Hum in Children. Am. J. Dis. Child, 47: 1100, 1934. 

Healthy boys attending the Hniversity of Chicago laboratory schools and rang- 
ing in ago from five to eighteen years served as subjects for the observation.® 
reported. Except for the exclusion of chUdren with abnormal cardiac findings 
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or witli physical incapacilalion and except for tlie omission of cases because of 
incomplete data, tlic material -was unsclectcd. Observations were made durinj; 
the routine annual examinations, the boys thus being unaware of any unusual 
proceedings. Observations were made on the incidence of arrhythmias, the in- 
cidence of third heart sounds, reduplicated heart sounds, functional heart mur- 
murs, murmurs produced by exercise, and the venous hum. 

On the basis of the evidence accumulated, the author attempts to point out the 
insignificance of presumabl}’- nonorganic auscultatorj' cardiac findings as commonly 
encountered. Wliile the inconsequential nature of the phenomena has been 
stressed, emphasis on due care in their proper evaluation has been omitted. 

Neiman, Benjamin H.: Verrucous Aortitis With Special Eegard. to Aneurysm 

Formation in Children. J. Lab. & Clin. Med. 19: 929, 1934. 

In a scries of 4,100 consecutive autopsies, 3 eases have been found in which 
there was a verrucous lesion on the intima of the aorta. In one case which was 
associated with a stenosis of the isthmus, the verrucous aortitis had caused a 
.spontaneous rupture of the aorta in an elcvcn-ycar-old child. In another, a four- 
year-old child, an aneurysm of the aorta developed on the basis of it and ruptured 
into the pericardial sac. Streptococci were demonstrated in this case. 

The formation of the verrucae is explained on the basis of a fibrinoid swelling 
and necrosis of the ground substance of the intima with proliferation of the 
adjacent fibrocytcs. The rupture and aneurysm are explained on the basis of 
necrosis destroying the internal elastic membrane with subsequent weakening of 
the media. The nonspecificitj' of the verrucous lesion of the intima of the aorta 
is pointed out. 

Friedbcrg, Charles K., and Gross, Louis: Periarteritis Nodosa (Necrotizing Arter- 
itis) Associated With Rheumatic Heart Disease. Arch. Int. Mod. 54: 170, 1934. 

Pour cases that came to autopsy are presented in which widespread periarteritis 
nodosa was associated with rheumatic fever and rheumatic heart disease; the latter 
was confirmed by tlio presence of Aschoff bodies in the myocardium. These four 
were discovered in a scries of eight cases of periarteritis nodosa which came to 
autopsy in the course of two years. Prior to this period there were five additional 
cases which came to autopsy. Two of the five imtients had a rheumatic history and 
endence of rheum.atic valvular disease. Verrucous endocarditis was disclosed in 
both cases at postmortem examination. 

Criteria for the diagnosis of rheumatic infection and of periarteritis nodosa are 
discussed. On the basis of these criteria, none of the cases of periarteritis reported 
in the literature presented adequate evidence of rheumatic heart disease. Conversely, 
none of the vascular lesions described in rheumatic fever could be truly called 
periarteritis nodosa. Because of the frequency of the association of these diseases in 
this series and the simultaneous occurrence of the symptoms of each, it is believed 
that rheumatic fever is probably a common cause of the vascular lesions termed 
periarteritis nodosa. 

In two of the cases an attack of scarlet feyer occurred eight weeks before the 
symptoms of the other ailments became manifest. This point is briefly discussed. 
In another case there was clinical and pathological evidence of malignant sclerosis. 
This is mentioned in connection with Palir’s belief that rheumatic fever is one of 
the causes of malignant sclerosis. In two of tlie cases the abdominal sj'mptoms, so 
common in periarteritis nodosa, dominated the clinical picture sufficiently to lead to 
an exploratory operation. It is suggested that Avhen acute abdominal symptoms 
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are present in a patient suffering from rlieumatic fever, complicating periarteritis 
nodosa should be considered. This complication is offered as an organic basis for 
some of the instances of so-called abdominal rlieumatism. 

Campbell, Maurice; The Respiratory Exchange During Exercise in Heart Disease. 

Quart. J. Med. 3: 369, 1934. 

In patients with heart disease, the percentage increase of the pulmonary ventila- 
tion during easy exercise was normal. Tlie increase took place more slowly at the 
beginning and lasted longer afterward. At rest the ventilation rvas rather greater 
relatively to their size, and this remained true during and after exercise. 

The breathing was faster and more shallow’, especially during exercise. This 
rapid shallow breathing was more characteristic of mitral stenosis and of those w’ho 
were most breathless. Tlie effective alveolar ventilation wms therefore a smaller 
percentage of the total pulmonary ventilation. Both these factors w'ould tend to 
cause dyspnea, but alone they would not do so in a normal subject. 

In spite of the shallow' breathing the percentage of the vital capacity whicli was 
needed, even during these easy exercises, was greater than normal (33 against 20 per 
cent). No doubt this was an important factor in the sensation of breathlessness. 

The percentage of carbon dioxide in the expired air was lower than normal, and 
this difference was increased during exercise, especially in those- w’itli mitral stenosis, 
and in those w'ho w’ere short of breath w’ith easy walking. 

The output of carbon dioxide, especially in the first mimrte of exercise, was less 
than normal, and this lag would be responsible for some degree of h 3 ’pe:’pnea during 
the remainder of the exercise and after. The utilization of oxygen was almost the 
same as normal, and the oxygen debt at the end of exercise was less than this 
retention of carbon dioxide. The pulmonary ventilation and the intake of oxygen 
did not differ greatly from the normal in these patients rvith heart disease. 

It seems probable that the more rapid shallow breathing with a smaller effective 
alveolar ventilation and the lower percentage of carbon dioxide expired umre factors 
in the production of their dyspnea. But the smaller margin between their depth of 
breathing and their maximum vital capacitj’ appeared a more important factor in 
their sensation of dyspnea. 

G-ilchrist, A. Rae: The Effects of Bodily Rest, Muscular Activity and Induced 

P 3 n:exia on the Ventricular Rate in Complete Heart Block. Quart. J. Mod. 3: 

381, 1934. 

The ventricular rate in complete heart-block is not fixed but under conditions of 
bodily rest fluctuates through a range of rate more or less peculiar to the individual. 

Clinically it wms possible to divide these cases into broad grouxis — a degenerative 
and a ‘‘toxic” varietj’. The coefficient of correlation between the auricular and the 
ventricular rates is less perfect in the ‘‘toxic” than in the degenerative group, in- 
dicating a more labile regulation of the independent rhj’thms in the former. 

Muscular exercise increases the rate of ventricular beating in complete heart-block. 
A simple test, consisting of repeatedly climbing a height of 1.5 feet in a given time, 
induced a maximum increase of 50.2 beats per mumte in one patient and a minimum 
of 1.2 beats in another. The power to increase the rate of ventricular beating in 
response to exertion varies considerably in different individuals. Similarly the rate 
of the recovery process is inconstant. In some patients the ventricles return to 
their pree-xisting rate within one minute of completing the test; in others three, four 
or five minutes may elapse before the rates become fully readjusted to resting 

(‘OnnitiATifi " « 
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T]ie niaxitmim natural range in auricular and ventricular rates has been estimated 
by taking the dilTerence between the rate recorded immediately after exercise and 
the minimum rate observed in a scries of observations for each individual under 
conditions of prolonged bodily rest. The maximum range in rate varies in different 
subjects, and the maximum auricular and ventricular ranges are not of the same 
order of magnitude. 

In this series of cases it is found that the maximum auricular and ventricular 
ranges vary inversely. A range of 150 per cent in auricular rate is accompanied 
by only 10 per cent in ventricular; a 50 per cent gain in auricular rate coexists with 
a 100 per cent gain in ventricular. In other words, the greater the limitation in 
ventricular range the more labile the auricular. The greater the ventricular range 
the less incapacitating arc the cardiac symptoms. In complete lieart-block an im- 
portant factor in promoting myocardial efficiency is the ability to quicken the 
ventricular rate in response to the demands of physical exertion. 

In three patients it was found (hat during sleep the ventricular rate was slower 
than that- recorded under similar conditions awake. 

Fever increases the rate of ventricular beating in complete heart-block. In the 
course of the “protein-shock” reaction a rise of 1° F. may account for an increase 
of about four beats per minute in the rate of the ventricles. 

These observations suggest that functionally there is no essential difference be- 
tween the sino-auricular node and the idioventricular center. Each reacts to similar 
forms of stimulation, but the magnitude of the responses would appear to be 
limited chiefly bj’ the natunil differences in (ho rhythmicity of the two centers of im- 
pulse production. 

Kichards, Dickinson W., and Barack, Alvan L.: Prolonged Residence in High 

Oxygen Atmospheres. Effects on Normal Individuals and on Patients With 

Chronic Cardiac and Pulmonary Insufficiency. Quart. .1. ^fcd. 3: 437, 1934. 

Two normal men and twenty-eight patients in the cardiac insufficiency state have 
been kept in atmospheres of from 40 to 50 jicr cent oxygen for continuous periods 
ranging in length from five days to seven months. Studies have been made in these 
subjects, of the effects of high oxygen atmospheres upon circulatory and pulmonary 
functions, and in certain instances upon their water and electrolyte balances. 

Two normal subjects residing for a week in 45 per cent ox 3 ’gen showed- a fall in 
pulse rate, a slight rise in blood CO. levels, no appreciable change in respiratory 
metabolism, in cardiac output, or in excretion of clectrol 3 'tes or water. 

The response to high o.X3’gcn atmosphere in favor.able cases of congestive heart 
failure was found to follow a fairlv definite pattern or sequence of events. 

(a) D 3 -spnea and restlessness were partl 3 ' relieved within a few hours, but com- 
pletel 3 ' relieved onl 3 ' after several da 3 's. 

(b) Arterial ox 3 'gen saturation was restored to normal or raised slightl 3 ' above 
normal within the first twent 3 '-four hours. Rise in blood CO. began on the first 
da 3 ', then continued progressivel 3 ' for several da 3 ’s. 

(c) Increase in urinar 3 ’ chloride and water excretion frequentl 3 ' occurred, begin- 
ning from one to six days after the beginning of ox 3 'gen treatment, then proceeding 
to complete loss of edema. 

The favorable response to prolonged oxygen treatment was found to be similar 
in general course to the recover 3 ' of compensation b 3 ' other means, though definite 
differences in certain details were encountered. These have been further discussed. 

Of tTvelve cases of arteriosclerotic heart disease, severel3’ decompensated, eight 
patients -^vere restored to limited ambulator3' activit3', following prolonged oxygen 
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treatment, three were temporarily improved, one was not improved. Eight out of 
nine patients with edema had a diuresis during their course in high oxygen. 

Of nine patients with rheumatic heart disease severely decompensated, none was 
restored to ambulatory activity. Eive patients showed moderate improvement and 
relief of symptoms; the remaining four were not appreciably improved. 

Of five patients with pulmonary fibrosis with secondary circulatory insufficiency, 
all were improved. Two were restored to ambulatory activity. 

The clinical indications for oxygen theraiiy in relative order of importance, are; 
(a) dyspnea; (b) restlessness; (c) cardiac pain of anginal type; (d) arterial oxygen 
nnsaturation; (e) cyanosis; (f) cough. 

Cowan, Donald W.: The Creatine Content and the Weight of the Ventricles in 

Experimental Hyperthyroidism and After Thyroparathyroidectomy. Am. J. 

Physiol. 109: 312, 1934. 

The present investigation was undertaken to determine the effect of both hyper- 
and hypothyroidism upon the creatine concentration as well as the total amount 
of creatine in the ventricles of experimental animals. Young adult male rats were 
used in this work. 

Tliyroxine whether administered in divided doses over a period of time or in a 
single large dose causes air actual increase in ventricular muscle mass (in spite of 
a lowering of general body weight). There is a decrease in creatine concentration 
in the ventricles and an actual loss of creatine from the heart. 

Thyroparathyroidectomy while producing no change in the weight of the ven- 
tricles does cause a slight but significant loss of creatine from the heart. 

Nathanson, M. H.: Further Observations on the Effect of Drugs on Induced 

Cardiac Standstill. Arch. Int. Med. 54: 111, 1934. 

In certain persons the activity of the cardiac pacemaker may be temporarily 
eliminated and an arrest of the heart induced by pressure on the right carotid sinus. 
In eight cases studied, the subcutaneous injection of epinephrine abolished the 
standstill by stimulating a new center of impulse formation in the ventricles. 
Ephedrine administered intravenously produced a similar response in three cases. 
Barium chloride by mouth abolished the cardiac standstill in a similar manner in 
one case and was ineffective in another. Calcium gluconate, eaffein sodium benzoate, 
coramin metrazol and thyroxine were Avithout effect in a subject Avho responded con- 
sistently to epinephrine. Digitalis prolonged the period of induced cardiac stand- 
still. A group of compounds chemically related to epinephrine produced in a varying 
degree a reaction similar to that of epineirhrine. The ratio of activity of these 
compounds as compared with epinephrine was estimated. 

The effectiveness of the epinephriiie-Iike compounds indicates that in the therapy' 
of cardiac standstill a specific pharmacodynamic action is required, Avhieh is the 
stimulation of the cardiac accelerator mechanism. 

Epinephrine is the most active drug in the treatment of the stopped heart and 
in the prevention of the frequent syncopal attacks of chronic heart-block. 

Harrison, T. E.; Friedman, Ben; Clark, Gurney; and Resnik, Harry: The Cardiac 

Output in Relation to Cardiac Failure. Arch. Int. Med. 54: 239, 1934. 

The cardiac output of patients ivith cardiac disease has been studied by the 
acetylene method, modified in such a way as to allow the detection of inaccurate 
results. The cardiac output per minute of patients with congestive heart failure 
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is usually from 10 to 30 per cent less than that of normal subjects but may he 
within the normal range. Patients without circulatory disorders may have au 
equally low cardiac output. The level of tlie cardiac output per minute, whetlier 
considered as such or in relation to the metabolic rate, bears no relation to the 
presence or absence of congestive failure for; 

1. The range and the average values of the cardiac output are similar for com- 
pensated and decompensated patients. 

2. In a given individual, clinical improvement and disappearance of congestive 
phenomena may be associated with an increase, a decrease or no change in this 
function. In general, the output of the heart per beat tends to be somewhat less 
during congestive failure. The metabolic rate is normal in some patients and 
elevated in others. 

These observations are interpreted as indicating tliat the “forward failure” 
(diminished output) hj-pothesis, which ascribes the clinical manifestations of con- 
gestive heart failure to an insufficient supply of blood to the tissues, is erroneous. 
The “backward failure” (back pressure) theory has been discussed, and it is con- 
cluded that there is much evidence in favor of it and no valid evidence against it. 

Thompson, H. E., and Dragstedt, C. A.; Modifying Action of Calcium and Sodium 

Bicarbonate of Salicylate Intoxication. Arch. Int. Med. 54; 308, 1934. 

Experiments on normal healthy dogs were undertaken to determine whether a 
mixture of calcium salt ivith acetjd salicylic acid would be less toxic than acetyl 
salicylic acid alone. The amount of the drug used was large enough to correspond 
to an intensive type of salicylate medication employed clinically for short periods 
to accomplish what may bo called salicylization. 

The ameliorating effect of sodium bicarbonate on certain of the untoward symp- 
toms produced by salicylate medication in these amounts reported by many workers 
is confirmed by these experiments. Simultaneous administration of calcium in the 
form of calcium gluconate and acetyl salicylic acid was found to have a similar 
and in certain respects, a greater ameliorating effect. 

Meeker, Dorothy R., and Jobling, James W,: A Chemical Study of Arterioscle- 
rotic Lesions in the Human Aorta. Arch. Path. 18: 252, 1934. 

Analysis of arteriosclerotic placques after careful isolation of the portions in- 
volved in intimal lesions apart from other portions of the aorta from forty-five 
patients showed a constant amount of phospholipids, an increase of total fatty 
extract and total cholesterol particularly in the proportion of cholesterol to total 
fatty extract. This increase apparently becomes greater with increasing severity in 
the lesions rather than with increasing age. The study also showed that as the 
severity of the lesions increases, there is first an increase in percentage of cholesterol 
esters, in a fatty extract and then as the process continues, a decrease. 

Bellet, Samuel, and Johnston, Charles G.: The Effect of Coronary Occlusion Upon 

the Initial Phase of the Ventricular Complex in Precordial Leads. J. Clin. 

Investigation 13: 725, 1934. 

In acute experiments upon dogs and cats ligation of the anterior descending branch 
of the left coronary artery, while causing R-T deviation in precordial leads, produced 
practically no change in the initial downward deflection of the ventricular complex. 
In general, ischemia or damage to a much greater portion of the myocardium than 
that supplied by the anterior descending branch of the left coronary artery was 
required to produce a marked diminution or disappearance of the initial downward 
deflection. Diminution or disappearance of this deflection was 2 ^rodnced in cats 
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after ligation of the anterior branch of the left coronary plus the anterior branch 
of the circumflex arteries, or in flogs anfl cats after cauterization of a consiflerable 
portion of the surface of the carfliac muscle. 

In survival experiments markefl diminution or disappearance of the initial down- 
ward deflection could be produced by ligation of the anterior descending branch 
of the left coronary artery alone. In 3 out of 5 dogs this deflection almost com- 
pletely disappeared from twenty-four to forty-eight hours after ligation. In one 
cat it disappeared two hours after operation. In one dog it was markedly diminished 
on the fifth day after operation and in another moderately diminished on the third 
day. In all 5 dogs, later during the recovery stage, it increased again; in one in- 
stance the return was complete; in the remaining 4 the deflection regained one- 
fourth to one-half its original amplitude. In man the initial domiward deflection 
which disappears during the acute stage of infarction usually does not return in the 
chronic stage; occasionally, however, a partial return occurs. The return of this 
deflection in the dog is probably to be explained by the smaller relative size of the 
area involved by the chronic infarct and by the larger portion of the left ventricle 
in relation with the anterior chest wall in the dog. 

Extremely tall T-waves observed in these experiments as a transient phenomenon 
are believed to characterize a subacute stage of infarction. 

Ligation of the coronary arteries supplying the posterior wall of the left ventricles 
or injury of this area by cauterization produced E-T interval deviations above the 
isoelectric line but no change in the amplitude of the initial downward deflection. 

G-illigan,' D. E.; Berlin, D.D.; Volk, M. C.; Stem, B.; and Blumgart, H. L.: Thera- 
peutic Effect of Total Ablation of Normal Thyroid on Congestive Heart Failure 
and Angina Pectoris. IX. Postoperative Parathyroid Function. Clinical Ob- 
servations and Senrm Calcium and Phosphorus Studies. J. Clin. Investigation 
13; 7S9, 1934. 

Tetanic convulsions or spontaneous spasm of the extremities did not occur in any 
of the seventy-three consecutive patients on whom total thyroidectomy was per- 
formed. Clinical signs or symptoms of mild parathyroid deficiency were manifest 
after operation in twelve patients, or 17 per cent, of this entire series. Of the last 
tliirty-seven patients of this group of seventy-three, only three, or 8 per cent, showed 
signs or symptoms. In ten of the twelve patients clinical signs and symptoms of 
liypoparathyroidism were transient, disappearing within two weeks. One patient 
who was operated upon two and a half months previously and another nine months 
previously still showed signs and symptoms when specific medication was discon- 
tinued. The symptoms of hypoparatliyroidism are attributed to injury, rather than 
to removal of parathyroid glands during operation. 

Oral administration of calcium chloride solution and a diet rich in milk controlled 
the symptoms of tetany in most patients in whom the disease was transient. An 
initial intravenous injection of calcium chloride solution was given to three patients; 
calcium lactate or gluconate was substituted ivhen oral administration of calcium 
chloride solution was not tolerated. Viosterol, together with a large intake of cal- 
cium, is being employed successfully in the tivo cases with persistent hypopara- 
thyroidism. 

The serum calcium was reduced to 7.5 mg. per 100 c.c. or less in six of the twelve 
cases at the time of onset of tetany; in three eases the serum calcium was between 
■3 and 8.6 mg. per 100 c.c.; in the remaining three cases the serum calcium was 
nithm the accepted normal limits. The values for serum inorganic phosphorus in 
these patients with early postoperative tetany were usually normal, bein^ 5 0 mv ner 
cent or above in only two cases. 
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Appreciable decreases in concentration of serum calcium uiul no clianges in con- 
centration of serum inorganic phosphorus were observed during the first two weeks 
after total thju-oidectomy in a group of patients who showed no clinical signs 
of insufficient parathyroid function. The concentration of serum calcium was 
usually slightly below the preoperative level during the lirst year after thyroidectomy 
both in those individuals who showed transient signs and symptoms of hypopara- 
thyroidism soon after operation and in patients who showed no clinical signs of 
this disorder at any' time. 

It is pointed out that the chemical changes in the blood present during the earlv 
stages of postoperative tetany may be quite different from the characteristic 
markedly low serum calcium and high phosphorus values found in chronic hypo- 
parathyroidism of either idiopathic or 2 >ostoperative origin. 

The transient tetany which sometimes occurs immediately following total thyroid- 
ectomy can be controlled by calcium therapy; persistent parathyroid insufficiency 
occurs so rarely that it does not constitute a contraindication to total tliyroidectomv. 

Pwelow, S., Markle, P., and Katz, L. N.: Factors Involved in the Production of 

Skeletal Muscle Pain. Arch. Int. Aled. 53: 814, 1934. 

The results of this study show that the immediate cause of continuous muscular 
pain such as occurs when an ischemic muscle is e.vercised is not produced by a single 
mechanism but that muscular activity, anoxemia, circulatory stasis and possibly other 
processes contribute to its production. 

Emstene, A. Carlton, and Snyder, Maurice: Effect of Arteriosclerosis and Benign 

and Malignant Hypertension on the Area of Histamine Flares. Arch. Int. 

Med. 53: 865, 1934. 

The area of flare produced by injecting 0.02 c.c. of a 1:2,000 dilution of histamine 
dihydrochloride into the skin of the mid forearm was measured in five groups: 
normal persons, patients with arteriosclerosis and normal blood yrressure, patients 
with benign essential hypertension, patients with hyiiertension of the intermediate 
grade, and patients with malignant hypertension. In eleven of the sixteen j)atients 
with malignant hj^jertension, the area of flare was less than the smallest recorded 
in a normal person, while in only three did it exceed 24 sq. cm. The average area 
for the group was 16 sq. cm., approximately one-half that of normal persons. 

The results of the investigation indicate that observations on tlie area of the 
histamine flare should prove a useful adjunct in distinguishing the intermediate 
and malignant types of hyjjertension from tlie benign form. 

Allen, Edgar V., and Camp, John D.: The Value of Arteriography. Eadiology 

22: 678, 1934. 

The roentgenographic studies in a case of thromboangiitis obliterans indicate not 
only the diagnostic value of arteriography but also the powers of compensation for 
disease rvhieh are inherent in the arterial system. 

The chief value of arteriography in the authors’ estimation lies not in the diiee- 
tion of diagnoses but in determining the jrathogenesis of the condition. It gives in- 
formation of inestimable value regarding the disturbances in the arterial circulation 
in scleroderma, thromboangiitis obliterans, in aneurysms, arteriovenous fistulas and 
arterial emboli. "Whether or not the method will add information of value to 
knowledge of pathogenesis of arthritis, hypertension and of other conditions remains 
to be learned in the future. 
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Clark, Janet H., Hooker, Donald R., and Weed, Lewis H.; The Hydrostatic Factor 

in Venous Pressure Measurements. Am. J. Physiol. 109; 1C6, 1934. 

Direct measurements of the venous pressure in dogs in the horizontal and two 
vertical (head-down, head-up) positions have shown that the heart is not the point 
from which the hydrostatic factor in venous pressure is measured. In the dead 
animal the venous system acts as an unbroken column from head to tail, and the 
reference point from which hydrostatic x^ressure is measured was found to be 82 mm. 
caudal to the heart in the vertical position in an animal of approximately 500 mm. 
spinal length. In the living animal the venous system is broken at the heart, giving 
two columns with a reference point approximately 121 mm. from the heart in the 
tail section and another reference point 38 mm. from the heart in the head section. 


Kovacs, Joseph: The Iontophoresis of Acetyl-Beta^Methylcholin Chlorid in the 
Treatment of Chronic Arthritis and Peripheral Vascular Disease. Am. J. hi. 
Sc. 188; 32, 1934. 

A preliminary report on the action of the iontophoresis of acetyl-beta-methylcholin 
chlorid is presented. 

Acetyl-beta-methylcholin chlorid introduced locally with the helx) of the galvanic 
current produces a pronounced and prolonged local effect which cannot be obtained 
through subcutaneous or oral administration. This local treatment appears to be 
of value in chronic arthritis especially in the rheumatoid tyx)e. This treatment may 
also be of value for patients with perixiheral vascular disease in which spasm is an 
important factor. No harmful effects were observed. 

Further studies with prolonged observation of cases, especially in view of the 
fallacies lurking in the evaluation of the therapexitie test, are essential for the 
correct evaluation of this method. 

Bruen, Curtis; The Therapeutic Efficacy of Bismuth Subnitrate in Arterial Hyper- 
tension. Am. J. M. Sc. 188; 21, 1934. 

Under the conditions established for experimental observation, it was determined 
that bismuth subnitrate by mouth even in the largest therapeutically xu'acticable doses 
does not develop sufficient nitrate action to exert any demonstrable effect on the blood 
pressure or symptoms of arterial hypertension. 

Nadler, J. Ernest; Green, Hemy; and Rosenbaum, Arthur: Intravenous Injection 
of Methylene Blue in Man With Reference to Its Toxic Symptoms and Effect 
on the Electrocardiogram. Am. J. M. Sc. 188; 15, 1934. 

These observations indicate that methylene blue under the conditions of this 
study has two actions. The first of these is the oxidation of hemoglobin to methemo- 
globin. The amount of methemoglobin found immediately following the injection 
of the average therapeutic dose is small. 

The second is that this drug, used intravenously, excites the individual and by 
Its rapid elimination into the stomach and urine produces transitory gastrointestinal 
and urinary irritation. The most frequent toxic symptoms observed were restlessness, 
paresthesias, a sense of “burning” in the mouth and stomach, pain in the chest' 
and strangury. These manifestations usually subsided in from twenty-four to forty- 

eight hours. Leakage of a. small amount of methylene blue about the vein aives 
rise to a very painful infiltration. 
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Electrocardiograpliic studies sLow that methylene blue produces a reduction in the 
height or even reversal of the T-wave frequently with lowering of the E-wave. This 
suggests depression of the ventricular musculature. 

The amount of methemoglobin found and the subsequent decrease in hemoglobin 
is not of sufficient magnitude to account for the clinical lucture described on the 
basis of anoxemia. 

The authors wish to point out, therefore, that the indiscriminate use of methylene 
blue may produce unpleasant results and be dangerous to the patient. 

Harrison, T. B.; King, C, E.; Calhoun, J. A.; and Harrison, W. G., Jr.; Congestive 

Heart Eailure. XX. Cheyne-Stokes Kespiration as the Cause of Paroxysmal 

Dyspnea at the Onset of Sleep. Arch. Int. Med. 53: S91, 1934. 

A pneumographie study has been made of patients complaining of attacks of 
dyspnea coming at the onset of sleep. Such patients e.vhibit Cheyne-Stokes respira- 
tion which either appears or becomes more marked at the onset of sleep and later 
during deep sleep either disappears or becomes less marked. As sleep develops, 
respiratory periodicity occurs with increasing length of the apneic intervals and a 
corresponding increase in the intensity of the hyperpneic phase, which eventually 
becomes so marked as to awaken the jratient and cause dyspnea. 

An investigation has been made concerning the underlying factors responsible 
for these phenomena, and it is concluded that the main causative agents are: over- 
ventilation due to refle.x respiratory stimulation from congested lungs and respira- 
tory depression occurring at the onset of sleep. Acting singly or in combination, 
these two physiologic alterations appear to be responsible for the periodic breathing. 
The associated violet hyperpnea in a patient with diminished vital capacity is re- 
sponsible for the subjective respiratory distress. 

Certain observations on the blood gases before and during sleep have been 
presented, and these are compatible with the hypothesis mentioned. The develop- 
ment of periodic breathing is usually not associated with significant alterations in 
the composition of the blood. As sleep continues there is, however, a demonstrable 
increase in the carbon dioxide tension and in the acidity of the blood, and coin- 
cidentally the respiration becomes regular. 

The alterations in the blood gases are primarily effects of the changes in breath- 
ing. However, as a result of the alteration in the blood, the breathing undergoes 
further changes which lead to the production of the characteristic paro.vysmal 
seizures of respiratory distress. 

rriedman, Ben, Clark, Gurney, and Harrison, T. R.: Studies in Congestive Heart 

Failure. XXII. A Method for Obtaining “Mixed” Venous Blood by Arterial 

Puncture. J. Clin. Investigation 13: 533, 1934. 

A modification of the method of Burwell and Robinson for determining the gas 
contents of “mixed” venous blood has been described. The procedure depends on 
obtaining blood from a peripheral artery while the subject breathes a gas mixture 
which has been equilibrated with his venous blood by previous repeated rebreathings. 

The several procedures involved in the method have been cheeked by various ex- 
periments. 

Application of the method to dogs has demonstrated that the values found for the 
blood gases by this indirect method arc in close agreement with the gas contents 
of blood obtained by puncture of the right ventricle. The presence in the lungs 
of sufficient fluid to produce well-marked arterial anoxemia does not invalidate the 
results. 



ABSTEA.CTS 


139 


The method is difficult to employ and involves considerable discomfort to the 
subject. Its agreement ivith the modified acetjdene procedure constitutes additional 
emdence as to tlie validity of the latter in subjects with cardiac disease. 


Harrison, T. R., Calhoun, J. A., and Harrison, W. G., Jr.; Congestive Heart Fail- 
ure. XXI. Observations Concerning the -Mechanism of Cardiac Asthma. Arch. 
Int. Med. 53; 911, 1934. 


Cardiac asthma has been defined and has been differentiated from other types 
of paroxysmal and nocturnal dyspnea occurring in patients with cardiac disease. 
The dyspnea of cardiac astlima is not usually associated with abnormalities in the 
oxygen, carbon dioxide or hydrogen ion content of the arterial blood. 

Belief of the seizure of morphine is not associated with constant alteration in the 
gases of the blood but is followed by a decrease in ventilation and is usually accom- 
panied hj an increase in vital capacity-. 

Pulmonary congestion, with its twofold effect of decrease in vital capacity and 
reflex respiratory- stimulation, is always present and appears to be tlie underly-ing 
cause of cardiac asthma. 

There are a number of different precipitating causes of the seizures. Of these, 
cough is the most common. Less frequently, fear — produced by unpleasant dreams 
— abdominal distention or warmth may precipitate the seizures. Each of these 
precipitating factors appears to act by increasing tlie ventilation. It has been shown 
that, both in normal persons and in patients with cardiac disease, an increase in 
ventilation is accompanied by- a rise in consumption of oxy-gen, which occurs im- 
mediately and thereby indicates that the cardiac output is also increased. 

The effects of voluntary overventilation on the vital capacity were studied in nor- 
mal subjects and in patients with left ventricular failure. The former persons usually- 
had a slight rise in vital capacity, but the reverse effect was usually obtained in the 
patients. 

A typical seizure of cardiac asthma was produced in one patient by voluntary- over- 
ventilation and in another subject by voluntary coughing. 

Acute pulmonary edema causes both chemical and reflex stimulation of breathing 
and may thus accentuate dyspnea. It has also been shown that in dogs ‘ ‘ edema ’ ’ of 
the lungs produced by introducing Binger’s solution may- cause marked anoxemia 
with a consequent increase in the cardiac output. 

It has been shown that patients dying with congestion of the lungs may have a 
noninflammatory edema of the bronchial walls, and this is believed to be responsible 
for the musical and sonorous rales which are often heard during the dyspneic 
seizures. Thus, an “obstructive” dyspnea may- be superimyoosed on a “reflex” 
dyspnea. 


The occurrence of the attacks during sleep appears to be dependent on the de- 
pressed irritability which allows the various stimuli mentioned to become excessive 
before they- awaken the patient. On awakening there is marked increase in breath- 
ing because of the sudden increase in irritability of the respiratory center, plus the 
strong stimulus. The resulting increase in ventilation tends to cause additional 
pulmonary congestion which leads to further increase in ventilation. Tlie vicious 
cycle so started may progress to acute pulmonary edema unless it is broken by 
the patient’s assuming the upright posture, by the administration of morphine 
or by removal of the precipitating cause, i.e., expectoration of mucus, relief from 
fear of nightmares, etc. 


The same factors which cause cardiac asthma by- night may- cause seizures during 
lie day and result in more or less continuous dyspnea. 

Four types of nocturnal dyspnea occur in patients with cardiac disease; these are 
oitl.opnea, evening dyspnea, Cheyne-Stokes respiration and cardiac asthma. They- 
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all have a common underlying cause, namely, pulmonary congestion consequent to 
‘ ‘ back pressure ’ ’ from the left side of the heart. 

Starr, Isaac, Jr.; Donal, J. S.; Margolies, A.; Shaw, R.; Collins, L. H.; and 
Gamble, C. J.: Studies of the Heart and Circulation in Disease; Estimations 
of Basal Cardiac Output, Metabolism, Heart Size and Blood Pressure in 235 
Subjects. J. Clin. Investigation 13: 5G1, 1934. 

Duplicate estimations of cardiac output together with determination of metabolism, 
blood pressure and pulse rate have been performed on 31 healthy persons and 204 
hospital patients under conditions of basal metabolism. Orthodiagranis were secured 
also. The results have been subjected to statistical analysis. 

The cases studied included patients with diseases not affecting the circulation, 
with hypertension, anemia, hyperthyroidism, neurocirculatory asthenia, valvular heart 
disease, various types of arrhythmia, eoronarj' disease, acute endocarditis, and 
aneurysm; also patients who liad recovered from congestive heart failure. Acute 
cardiac decompensation, advanced pulmonary disease, and the febrile diseases were 
not studied. 

The condition of the circulation in the various forms of disease has been described 
and compared with the normal. The most unexpected finding was that the average 
basal circulation in cases of neurocirculatory asthenia was very abnormal. 

Relationships bj^ which the condition of the heart muscle might be ascertained 
have been sought for. Among normal persons and patients with normal hearts but 
abnormal circulation, the relationship between iieart work per beat and heart size 
holds more closely than any other studied. In patients who have been once decom- 
pensated this relationship is abnoiunal almost without exception. It is believed, there- 
fore, that it may be used to define normal myocardial function and to detect myo- 
cardial disease. Charts and equations are submitted by which the normality of any 
case can be decided. 

Edwards, Joseph C., and White, Paul D.: A Note on the Incidence of Neuro- 
circulatory Asthenia With and Without Organic Heart Disease. New England 
J. Med. 53: 211, 1934. 

In an analysis of 5,000 consecutive patients w'ith cardiac symptoms and signs 
seen in private practice in New England over a period of thirteen years, 687 patients 
(13.7 per cent) were found with definite neurocirculatory asthenia. Of the 687 cases, 
448 (65.2 per cent) were uncomplicated by organic heart disease. One hundred and 
thirty-five (19.6 per cent) were complicated by organic heart disease, and there were 
104 (15.2 per cent) in which neurocirculatoiy asthenia was present with doubt as 
to the presence or absence of organic heart changes. Of the 687 patients, 424 (61.7 
per cent) were females and 263 (38.3 per cent) were males. Three hundred and 
fifty-four (51 per cent) of the 687 patients were in the age group from thirty-one 
to fifty years inclusive. 

Of the types of organic heart disease found with neurocirculatory asthenia in our 
series, rheumatic heart disease was most frequent (44.4 per cent), coronary disease 
second (21.4 per cent), and lypertensive heart disease third (18 per cent). There 
was only one case of cardiovascular syphilis. 

From this experience, the authors have found that the chances of a patient with 
sj-mptoms of neurocirculatory asthenia coming to a consulting physician in New 
England to show no evidence of organic Jieart disease, are approximately three to 
one. Even though organic heart disease be present, symptoms may be entirely the 
result of a complicating neurocirculatoiy asthenia. 



Book Review 


L’Inparcttjs DU Myocarde. By Eduardo Coelho, Professor of the Faculty of 

Medicine and Physician to the Hospital of Santa Marta, Lisbon. Masson et Cie, 

Paris, 1934, 212 pages with 105 figures. 

This monograph, published in French, consists of two parts: (1) an electro- 
cardiographic. study of experiiucntally produced myocardial infarction, and (2) 
a report of 28 clinical cases followed by a discussion of the etiology, clinical symp- 
tomatology, electrocardiograph}’ including localization, differential diagnosis and 
prognosis. 

In the first part the author gives a satisfactory summary of liis own important 
work on experimentally produced myocardial infarction and reviews the literature 
up to about two years ago. The advances since that time have been so great, how- 
ever, that in certain important respects the discussion can scarcely be regarded as 
abreast of current knowledge. 

The second part of the monograph, which deals with the clinical aspects of 
myocardial infarction, offers at most a minimal contribution. lilore than 60 pages 
are utilized for the protocols of the author’s 28 cases and their electrocardiograms. 
The material is not remarkable. This part of the book is not up to the standards 
of several articles in English on the same subject. 


c. c. w. 



Errata 


In the article by Dr. Max Winternitz, “The Initial Complex, of the Electro- 
cardiogram After Infarction of the Human Heart,” published in the June issue 
(Vol. 9, p. 616) and translated from the German, a number of minor errors appear, 
of which the corrections are given below: 

P. 616, lines 29 and 30: We may find a deep apart from coronary, thrombosis, 
with simple sclerosis without necrosis, and even as a variation 
of the normal electrocardiogram with certain rotations of the 
heart’s axis. 

P. 618, line 14; ... the widening of QES, measuring 0.1 sec. . . . 

line 17 : . . . E, higher, just measuring 9 mm. 

line 24: Dr. A. Ghon. . . . 

P. 620, line 7 : ... extensive mj’omalacia of the lieart . . . 

lino 13 : The duration of E, is unaltered but it has become smaller and 

splintered, . . . 

line 18: Extensive old myomalacia. . . . 

P. 621, line 22 : ... he worked steadily, constantly suffering from stenocardia and 

epigastric, pain. 

P. 622, line 28: ... Siemens’ oscillograph. 

P. 628, line 11: ... cerebral, coronarj' and mesenteric vessels, . . . 

P. 629, lines 6 and 7 : The initial complex shows slight notching in Leads I and 

III, small E in Leads II and III. . . . 

P. 630, line 12; ... pain rvliich lasted some hours. ... 

P. 632, Legend to Fig. 14 ... Siemens’ oscillograph. 

P. 633, line 7: ... strophanthin, 0.5 mg., . . . 

P. 633, fine 27 : QES width 0.12 sec. 

P. 636, line 12: Cases of idioventricular rliythm . . . 

P. 641, line 18: ... as is shown in their own illustrations. 

In the August issue in the article by Eobb and Weiss: Page 762, second line, 
for 2.6 c.c. read 0.26 c.c. 
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Original Communications 

THE SELECTION OP CASES OP THROMBO-ANGIITIS 
OBLITERANS AND OTHER CIRCULATORY DISEASES 
OP THE EXTREMITIES FOR SYMPATHETIC 
GANGLIONBCTOMY'^ 

George E. Brown, M.D., Winchell McK. Craig, M.D., and 
Alfred AY. Adson, AI.D. 

Rochester, YIinn. 

application of sympathetic ganglionectomy to selected types of 
A disease of the peripheral arteries has marked a distinct advance in 
their treatment. Evalnation of this operation over a period of eight 
years has demonstrated conelnsively a maintained and permanent vaso- 
dilatation of the peripheral arteries. In cases of spastic paraplegia, 
arthritis, and uncomplicated forms of Raynaud’s disease, which are 
diseases ivithout ohlitei’ative lesions in the arteries, vasodilatation is 
maintained at maximal levels as measured by thermometric and caloii- 
metric methods.*’ In diseases with occlusive lesions of the arteries of 
the extremities vasodilatation is maximal and permanent, provided the 
process of thrombosis is not progressive. Tlie rationale of employing 
sympathetic ganglionectomy in diseases with occlusive lesions is based 
on the demonstration of high degrees of vasoconstriction in the non- 
oeeluded major and collateral vessels. The diminished circulation in 
these diseases is the direct effect of two factors: (1) recurrent seg- 
mental occlusion of the arteries by thromboses, and (2) abnormal vaso- 
constriction in the nonoccluded arteries in the primary and collateral 
circulation. A^asoconstrietion is measured indirectly by variations of 
t le surface temperature ol the acral areas. In oeolusiTC arterial diseases 
tt^-iace temperatures o£ the digits are usually low; that is, varying 

^g^*Reaci before the American Acaflemy of Orthopedic Surgeons, Chicago. January 8, 
este^ Mnn.® Medicine and Neurologic Surgery, the Mayo Clinic, Roch- 
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between 22° and 27° C. As a result of a liigli environmental tempera- 
ture, increases in the surface temperature are noted, but the range of 
fluctuation is restricted. 

Eecognition of the fact that both the obstructive and the vasomotor 
components contribute to the diminished circulation is important, as it 
provides an adequate explanation for the efficacy of sympathetic gan- 
glionectomy in selected cases. Mulviliill and Harvey have shown that 
with ligation of the femoral arteries in the expei-imental animal the 
collateral circulation, as measured by the surface temperature, slowly 
returns to its preoperative level. If at tJie time of ligation the lumbar 
sympathetic ganglia are removed, recovery of the circulation is fairly 
complete wflthin a pei’iod of tw'cnty-four limrrs. The -work of Baldes, 
Herrick, and Essex on dogs demonstrated that the flow of blood through 
the larger arteries, as measured b.y the TJiermo-Stromuhr method of 
Reiss, was increased as much as 100 per cent on the side on Avhich uni- 
lateral sj'^mpathetic ganglioncctomy was performed. 

The usefulness of sympathetic ganglioncctomy in cases of occlusive 
diseases of the arteries has rested lai'gely on the proper selection of those 
eases, and it -was realized early that it would be futile to attempt to 
operate in all of them. In the older p»aticnts afflicted with arteriosclerosis 
obliterans the range of vasomotor activity is narrow, and the develop- 
ment of collateral circulation is less adequate (Horton) than in younger 
patients afflicted with thrombo-angiitis obliterans. Among these older 
patients also there is a greater operative moilality, as in many of them 
arteriosclerotic lesions of coronary, cerebral, and renal arteries are 
present. 

THE VASOCONSTRICTION COMPONENT 

Methods used . — ^^^arious methods have been employed to determine the 
amount of vasoconstriction present in the limbs. In 1926, one of us 
(Brown) described the use of nonspecific fever as a vasodilating agent. 
Fever is a most effective means of producing high degrees of vasodilata- 
tion. Foreign protein (Lcdcrlc’s triple typlioid vaccine) is injected 
intravenously, and the temperature of the riiouth and the surface tem- 
peratures of the digits of the extremities are measured every thirty 
minutes during the phase of fever. The procedure in detail, as we have 
carried it out at the Majm Clinic, lias been as follows : A room vdtli con- 
stant temperature is used, wnth a range of environmental temperature 
controlled bet-wcen 24° and 26° C. Thermocouples are applied to the 
various digits, and the readings are taken every ten minutes until a 
basal or constant level is obtatined. Triple typhoid vaccine is injected 
intravenously in doses of 5 to 25 million killed organisms, depending on 
the size and sex of the patient. The followfing- data are obtained: (1) 
the increase in the temperature of the mouth, (2) the increase in the sur- 
face temperature of the digits, and (3) the maximal vasodilatation level. 



From these values three points are noted; (a) The vasomotor index 
(V. I.). (To determine this, the rise of surface temperature is divided 
by the rise in temperature of the mouth or blood, and the result repre- 
sents the increase in surface temperature for each degree rise in the 
temperature of the mouth or blood. A vasomotor index of 2 or more is 
considered to indicate an abnormal degree of vasoconstriction.) (b) 
The vasomotor range (V. R.) . (This is the rise in the surface tempera- 
ture of the affected digits from basal to maximal levels with fever. A 
high degree of vasoconstriction is considered to be present if this increase 
is at least 4° C. or more.) (c) The maximal vasodilatation level (M. 
V. L.). (This is the highest temperature obtained in the affected digits. 
If it attains a level of 30° C. or more, a degree of vasodilatation ade- 
quate to justify operation is considered to be present in the affected 
digit.) In all the foregoing calculations the rise in the temperature 
of the mouth is deducted from the rise in surface temperature, so as to 
eliminate the actual increase in the temperature of the blood. 

Morton and Scott have reported the use of general, local, and spinal 
anesthesia to obtain vasodilatation. These are satisfactory methods when 
the facilities are such that they can be employed as a routine procedure. 
Morton and Scott have postulated a “normal vasodilatation level” of 
33° 0., and the difference between this and the value obtained they have 
designated as the “obstruction index.” White has employed injection 
anesthesia of peripheral nerves to prognosticate the effects of sym- 
pathectomy, Lewis and Coller and Maddock have used increased en- 
vironmental heat, and Landis has suggested the immersion of both arms 
in water at 45° C. for a period of at least thirty minutes, which is fol- 
lowed by vasodilatation of the feet. We have studied the effects of various 
vasodilating drugs, including ethyl alcohol, given by mouth,® acetyl- 
choline,^® and theobromine,'^® also those of hot drinks and increased en- 
vironmental temperature. With all of them variable degrees of vaso- 
dilatation have been obtatined. None of the procedures has produced 
the maximal dilatation responses comparable to those produced by fever 
or anesthesia. 

SELECTION OF CASES OF THBOMBO-ANOnXIS OBLITERANS 
FOR SYMPATHETIC GANGLIONECTOMY 

Sympathetic ganglionectomy has had its widest application to thrombo- 
angiitis obliterans among diseases of the occlusive type. This disease 
is a chronic, inflammatory, obliterating arteritis, affecting chiefly the 
larger arteries of the arms and legs, and is characterized by a relapsing 
course. The thrombosis is inflammatory and is deposited in a segmental 
manner. The clinical aspect of the disease varies vdth the rapidity of the 
thrombosing process and the ability of the collateral circulation to keep 
pace. This point is important in attempting to interpret the effects of 
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treatment and in selecting cases for operation. In the majority of cases 
of thrombo-angiitis obliterans varying grades of vasoconstriction can be 
demonstrated. There is a close correlation between the severity and stage 
of the disease and the amount of vasoconstriction. In cases with a short 
history of claudication and marked diminution of the arterial blood 
supply to the digits there is marked rubor, diminished surface tempera- 
ture and trophic changes in tlie skin, and the vasomotor component is 
usually low. Conversely, in cases with longer histories, two years or 
more, the signs of arterial insufficiency are not pronounced, the course 
of the disease is relatively slow, and tlie vasomotor component is rela- 
tively high. 



Fig. 1. — Increatse in surface tcmpcr.ature witli fever. Tlie Orst determination shows 
incomplete vasodilatation in tlie lii-st right toe. After a period of active medical 
treatment the vasodilatation in this digit showed a sliarp increase sufficiently lilgn 
to Justify operation. 


Selection of cases for sympathetic ganglionectomy rests upon two 
major points: (1) the demonsti'ation of high degrees of vasoconstric- 
tion, and (2) the clinical aspects of the case. A mathematical expression 
as a basis for instituting operative measures constitutes only one deter- 
minate, and it should not exclude the obvious clinical featui’es that are 
of equal importance. These are: (1) The general condition of the 
patient. Many patients who have suffered greatly from pain, loss of 
sleep, or from excessive use of tobacco or opiates, should not be sub- 
jected to a major operation without a preoperative period of treatment. 
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Goronaiy disease is not an nncommon complication of tlirombo-angiitis 
obliterans, and sudden death in this disease does occur. (2) The occu- 
pational hazards with respect to the extremities, if the liveliliood of the 
patient depends on the use of the feet or hands, or if his occupation in- 
volves exposure to the rigors of the weather in northern climates, the 
need of the operation for protection is clear. (3) The stage of the 
disease. We are of the opinion that certain failures of this operation to 
obtain the expected results have been due largely to the fact that it has 
been carried out during a stage of acute advanced arterial insufficiency 
in the presence of ulcers and severe rest pain. We have amply demon- 
strated that sympathetic ganglionectomy is not effective in this phase 
of the disease. Before operation is undertaken, it is extremely important 
to control the pain by adequate medical treatment and to demonstrate 
the potentiality of the ulcer for healing. A period of active treatment 
and a lapse of time will frequently demonstrate a sharp increase in the 
vasomotor component (Fig. 1). A low vasomotor component is usually 
found in digits with uleers or trophic lesions, or during the period of 
acute arterial insufficiency following recent thrombosis. If fever therapy 
and other medical measures do not relieve the pain, initiate healing, and 
demarcate the gangrenous tissues, it has been our experience that opera- 
tive measures are likely to fail. 

THROMBO-ANGUTIS OBLITERANS IVITH LUMBAR GANGLIONECTOMY 

To determine the validity of prediction based on preoperative studies 
of the vasomotor components, the vasomotor indices, the vasomotor range, 
and maximal vasodilatation level have been compared with the post- 
operative surface temperatures in the same digits, talien at varying 
intervals after operation. Complete data are here presented from fifty- 
five cases of thrombo-angiitis obliterans in which lumbar sympathetic 
ganglionectomy was performed and in which temperature studies were 
complete (Table I), The average vasomotor index for the group was 
4.4. In this group were eleven eases in which vasomotor indices were 
below 2. Operation was carried out because of the relatively liigh values 
obtained for the other vasomotor factors and the favorable clinical aspects 
of the cases. The number of cases with low indices was insufficient to 
make a correlation with the postoperative increases in the surface tem- 
perature. In the group ivith vasomotor indices less than 2, the maximal 
vasodilatation level attained by operation was approximately 2° less 
than in the group with vasomotor indices more than 2. In the majority 

of cases the operation was carried out only when vasomotor indices were 
relatively high. 

Vasomotor ranpe.— Increase in temperature with fever was 5 6° C 
compared vuth increase from operation of 5.4° C., a remarkalily close 
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Table I 

CoMPARATiw Effects of Fever and Sympathetic Ganglionectomy : 

Average Values 



maximal 
temperature, 
degrees g. 

INCREASE* 

IN 

TEMPERATURE 

VASO- 

MOTOR 


AVITII 

FEVER 

AFTER 

OPERATION 

■WITH 

FEVER 

AFTER 

OPERATION 

INDEX 

Thrombo-angiitis 

obliterans 


Mi 



1 

Toes 

31.5 


0.6 

5.4 

4.4 

Fingers 

32.7 


6.7 

4.8 

4.7 

RajTiaud’s disease 





1 

Toes 

32.3 

33.7 

8.0 

9.4 

6.9 

Fingers 

34.4 

31.1 

9.2 

5.9 

7.8 

Scleroderma 






Toes 

33.7 

30.9 

9.3 

6.5 

7.8 

Fingers 

34.G 

31.3 

8.6 

5.3 

6.0 

Arthritis 






Toes 

33.2 

32.7 

7.1 

6.6 

4.6 

Fingers 

35.7 

33.4 

8.7 

6.4 

4.5 


*Mouth temperature deducted from those values. 


approximation. The average maximal vasodilatation level obtained ■with 
fever was 31.5° C. as compared with 31.3° C. obtained with operation. 

THROMBO-ANGHTIS OBLITERANS WITH CERVICODORSAL GANGLIONECTOMY 

There were twelve patients in this group, all of tvhom had trophic 
lesions involving the fingers. The bilateral operation tvas done in all 
cases. The average vasomotor index for the group was 4.7, and in no 
case was it lower tlian 2.2. There was no close correlation between the 
vasomotor index and the postoperative surface temperatures. The vaso- 
motor range of the fingers with fever showed a mean increase of 6.7° C. 
as compared to 4.8° C. increase wdth operation. The maximal level of 
vasodilatation for the group with fever was 32.7° C. as compared to 
30.8° C. obtained with operation. 

In the upper and lower extremities there are significant differences 
in the response of the surface temperature with fever and with sym- 
pathetic ganglionectomy. In the feet the approximations in the surface 
temperature are extremely close wdth fever and with operation, for the 
vasomotor range and maximal vasodilatation. In 90 per cent of the 
cases the variation was less than 1.5°. When greater variation was 
obtained, a technical error may have been accountable, or thrombosis 
may have occurred in the interval. In the hands the vasodilatation from 
fever exceeded by significant differences that obtained by operation. 
This may be explained in part by the fact that in some of our early 
cases in which operation had been performed there occurred incomplete 
removal of the vasomotor fibers, as determined by sweating tests. A 
further explanation is that after sympathetic denervation there is some 
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fundamental difference in the behavior of the autotonus of the arteries 
of the hands as compared to that in the feet. It was observed that in 
cases in which complete sympathectomy had been performed the varia- 
tion in the surface temperature of the fingers to environmental changes 
was greater than that in the toes after lumbar sympathectomy. 

RAYNAUD’S DISEASE WITH LUMBAR SYMPATHETIC GANGLIONECTOMY 

There were nine eases in this group. The average values for vasoiriotor 
indices, vasomotor range, and maximal vasodilatation levels are shown 
(Table I). The vasomotor indices were high in all but one instance; the 



^Average rise In surface temperature with fever 
■ Average rise in surface temperature following operation 


Fig. 2. The effect of fever and lumbar sympathectomy on surface temperature. 

average -was 6.9. The vasomotor range with fever was 8° C. as com- 
pared to 9.4° C. with operation. The maximal level obtained with fever 
for the group was 32.3° C., as compared to 33.7° C. with operation. 
In two cases much higher values were obtained after operation than were 
obtained with fever (Fig. 2). 

RAYNAUD’S DISEASE iVITH CERVICODORSAL SYMPATHETIC GANGLIONECTOMY 

There were thirteen cases in this group. Vasomotor indices were high 
in all cases, averaging 7.8; in none were values lower than 4 noted The 
vasomotor range was 9.2° C. mth fever and 5.9° C. increase in surface 
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temperature with operation. The maximal vasodilatation level was high 
with fever averaging 34.4° C., as compared to 31.1° C. with operation 
(Fig. 3). 

In Raynaud’s disease the correlation of the preoperative and post- 
operative surfaee temperatures with fever is not so close as in thromho- 
angiitis. obliterans. If the diagnosis is correct and trophic lesions are 
slight, high grades of vasodilatation will be obtained with fever and with 
complete sympathectomy. The usefulness of preoperative studies of the 
vasomotor component is distinetlj’- less than in thrombo-angiitis ob- 
literans. It is interesting to observe that as in thrombo-angiitis oblit- 



M Average rise in surface temperature with fever 
■ Average rise in surface temperature following operation 


Fig. 3. — The effect of fever and cervicodorsal sympatliectomy on surface temperature. 


erans, higher grades of vasodilatation occurred in the hands with fever 
than ill the toes. Vasodilatation from operation in the hands was 
significantly less than that with fever, whereas in the feet higher grades 
of vasodilatation followed operation than were obtained with fever. 


SCLERODERMA 

There were twenty -four cases in this group (Table I). Cervicodorsal 
ganglioneetomy was performed in fifteen and lumbar ganglionectomy iR 
eight. Vasomotor indices were high in the entire group. The average 
value for the fingers was 6.5, and for the feet, 7.8. No close correlation 
between these indices and the postoperative surfaee temperatures was 
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found. The vasomotor range had a greater increase with fever than 
with operation, and a similar discrepancy Avas demonstrated in the com- 
parison of the maximal vasodilatation levels. The average high point 
in the same digits was 34.6° C. with fever and 31.3° C. with operation. 
In the group of nine cases in which lumbar ganglionectomy was per- 
formed the average vasomotor range with fever was 9.3° C. and with 
operation 6.5° C. The maximal vasodilating level with fever was 33.7° 
0. and with operation 30.9° C. 

The greatest discrepancy between the vasodilatation with fever and 
that with operation was shown in eases of scleroderma with vasomotor 
phenomena. This held true for both feet and hands. Incomplete opera- 
tion would not explain this difference in the feet, as incomplete sym- 
pathectomy has not occurred in lumbar ganglionectomy. There are 
pathological changes in the skin and subdermal structures in scleroderma 
which do not exist in other vascular diseases.^ There is a quantitative 
diminution in the capillaries, and obliterative lesions are demonstrable 
in the digital arteries. The increased density of the cutaneous tissues 
may increase radiation of heat during fever producing abnormally high 
surface temperatures, and they are not solely a result of dilatation of 
cutaneous arterioles. The problem of selection of cases of scleroderma 
for sympathetic ganglionectomy is difficult, and the results of operation 
have not been comparable to those obtained in the other forms of circu- 
latory diseases without dermal involvement. Slightly higher grades of 
vasodilatation from operation wmre noted in the hands than in the feet. 


ARTHRITIS 


In this group there w^ere five cases in which ceivicodorsal ganglion- 
eetomy was done. The vasomotor indices and vasomotor range were 
high in the hands, averaging 4.5° and 8.7° C., respectively; the post- 
operative surface temperatures were high in all cases. The maximal 
surface temperatui-es were 35.7° C. with fever and 33.4° C. with opera- 
tion. 


In all of the thirteen cases in which lumbar sympathectomy was per- 
formed the vasomotor indices, ranges, and maximal surface temperatures 
were high with fever, and postoperative surface temperatures averaged 
32.7° C. For the group there was 0.5° C. greater increase with fever 
than with operation (Table I) . 


In arthritis, sympathectomy was carried out in the presence of ab- 
normal degrees of vasoconstriction and localization of the arthritis in 
the peripheral parts. No organic lesion of the arteries was present, and 
the maximal grades of vasodilatation were obtained noth fever and'with 
operation. In the group a higher grade of dilatation from operation 
was obtained in the hands than in the feet, which is contrary to the 
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effect obsei'ved in thrombo-angiitis obliterans and in llaynaud’s disease. 
Removal of the lumbar and eervicodorsal ganglia in patients with 
arthritis demonstrated conclusively the effectiveness and permanency of 
vasodilatation. Many of these eases have been followed and surface 
temperatures tested repeatedly over a period of years. In none have 
the surface temperatures shown values less than 30.7° C. in the hands 
and 31.8° C. in the feet. Pi’eoperative studies of the vasomotor com- 
ponents did not give important prognostic information in the cases of 
arthritis. 

COMMENT 

Prediction of the degree of vasodilatation that may be expected from 
sympathetic ganglionectomy is possible -within certain limits. The 
limitations are related to the character of the disease, the completeness 
of operation, and the presence or absence of abnormal changes in the 
sldn, such as infections, ulcers, and fibrosis. In purely vasospastic dis- 
turbances vasodilatation -will take place if the operation is complete, 
and preoperative procedures are not necessary for prognosis. Arthritis 
and early eases of Rajniaud’s disease fall in this group. In the presence 
of occlusive disease of the arteries determination of the available vaso- 
dilatation is important. Vasomotor control of the collateral vessels has 
been well sho-vim in the experimental animal. Mulvihill and Haivey 
have demonstrated a rapid restoration of the peripheral circulation when 
sjunpathetic ganglionectomy -was done after the iliac arteries were 
ligated. In man, after sjunpathetie ganglionectomy, the increase in cir- 
culation is variable in the presence of occlusive disease of the peripheral 
arteries. Several factors are responsible, for this : first, the collateral 
circulation may be involved in the occlusive disease; second, collateral 
circulation may be incompletely developed because of the rapid progress 
of the obliterating process, and third, the presence of ulcers or gangrene 
impairs vasodilatation in the area thus affected. The demonstration of 
high grades of vasodilatation before operation does not give accurate 
prognostic information as to the subsequent course of the occlusive dis- 
ease, and this fact needs emphasis in respect to tlHombo-angiitis ob- 
literans. For pro^osis the clinical course is as important as the 
available vasodilatation in a given stage of the disease. This operation 
is a therapeutic procedure of high efficacy in that the maximal available 
vasodilatation will be obtained, but it will be modified by the subsequent 
course of the obliterating disease. The problem in a given case is 
whether this maximal vasodilatation wll relieve pain, effect healing of an 
ulcer, or modify relapsing thromboses. In the absence of ulcers or pain 
the operation is advocated for its protective function by preventing or 
minimizing subsequent trophic lesions. This protective function has been 
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amply demonstrated. In cases of ulcers, edema, and rest pain, evidence 
of healing and pain relief should be demonstrated by medical measures 
before operation is advised. 

The demonstration of an abnormal degree of vasoconstriction in the 
extremities by fever or anesthesia is one of the requisites for advising 
operation in thrombo-angiitis obliterans. Fever produces effective dilata- 
tion in 98 per cent of the eases. Two of our patients failed to obtain 
dilatation with anesthesia but showed vasodilatation with fever. The 
problem in the selection is, what values or limits of vasodilatation should 
be established to make operation advisable ? In our early work with the 
vasomotor index it was felt that the surface circulation should show an 
increase at least twice the rise of temperature in the mouth or blood. 
This divided the eases into two groups, those with excessive and those 
with minimal degrees of vasoconstriction. From the clinical standpoint 
this was satisfactory, and the results demonstrated the usefulness of 
this criterion. Later the rise in surface temperature (vasomotor range) 
was studied, and an increase of at least 4° C. was established as an index 
for operation. Certain errors could develop in both of these methods, in 
that a basal surface temperature could not always be obtained, and 
during hot weather the surface temperature could be high, thus giving 
abnormally low values. The maximal surface temperature of the digit 
most affected was then taken as a basis for prediction. This could not 
be affected by shifts in the surface and environmental temperatures. 
Preoperative and postoperative studies showed that this value gave the 
highest correlation and was less subject to error. A maximal surface 
temperature of 29° C. or higher with fever was regarded as necessary 
for justifying operation. 

It must be kept in mind that thrombo-angiitis obliterans is a relapsing 
disease. There is no conclusive proof that ganglionectomy prevents re- 
currence of thrombosis. We believe it decreases the incidence of recur- 
rence, but we have seen several patients in whom recurrences of arterial 
thrombosis have taken place months after operation. The protective 
nature of the operation against loss of limbs was demonstrated in these 
cases. 

The selection of eases for sympathetic ganglionectomy in other types 
of vascular disease by quantification of the vasomotor component is not 
crucial. In eases of Raynaud’s disease a high degree of vasoconstriction 
is the rule. Superficial ulcers, secondary infections, and thrombosis of 
the digits may produce variations in different digits. 

In vasomotor forms of scleroderma affecting the extremities vasomotor 
studies are of some value. However, it has been our experience that 
the postoperative temperatures do not attain the levels of surface tem- 
peratures resulting from fever. Injections of opaque substances into 
tlie arteries in eases of scleroderma have shown that in this disease 



154 


THE AjMEKICAN HEAKT JOURNAL 


there are occlusive lesions of the smaller arteries or arterioles.® Further 
there is a quantitative diminution of the capillaries in the sldn, and 
also secondary changes in the subcutaneous tissues which are irreversible 
and which cannot he restored by operation. There is, however, a certain 
protective value against the progression of the disease and the subse- 
quent development of ulcers and progressive fibrosis. 

In arteriosclerosis obliterans Ave do not believe that sjonpatbetic 
ganglionectomy is advisable. There may he an occasional case in wbicb 
patients are in the fifth or sixth decade of life where it can he used 
with beneficial results. Most of these patients, however, have other foci 
of arteriosclerosis, and in these the risk is abnormally liigh. It is unvdse 
to employ the use of fever in arteriosclerotic subjects, because thrombosis 
tends to develop in these patients. 

SUMMARY 

Sixty-seven eases of thrombo-angiitis obliterans have been studied to 
determine the prognostic value and relation of the peripheral vaso- 
dilatation attained Avith systemic fever to the increase of surface tem- 
perature folloAving sympathetic ganglionectomy. A close approximation 
is shoAAm. This correlation is liigher in the feet than in the hands. 
Other factors in the selection of cases of this form of vascular disease 
for operation are important, particularly those of the integrity of tbe 
eoronaiy arteries, the rate of progression and stage of the disease, and 
the ability to demonstrate healing and relief of pain by medical 
measures. About one-third of the cases are suitable for operation. Pre- 
operatiAm determinations of the Amsomotor component are less essential 
in the pure vasomotor disorders and in arthritis. Maximal grades of 
vasodilatation aauII result if the operation is complete. 
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THE POSITION OP THE HEART VALVES AND THEIR RELA- 
TION TO THE ANTERIOR CHEST WALL IN LIVING 
SUBJECTS WITH ABNORMAL HEARTS^ 

Merrill C. Sosman, M.D., and Paul H. Wosika, M.D. 
Boston, Mass. 

T he position of the heart valves in relation to the chest ivaU is of 
great significance in physical diagnosis. However, siu’prisingly little 
is loiovTi about it, particularly when the heart is enlarged. , The method 
of dissection in the hands of anatomists has concerned itself chiefiy with 
hearts of normal size, and even here there is considerable difference in 
the descriptions given by different anatomists. Methods used by them 
to localize the valves could hardly he termed satisfactory, and distortion 
from the position in life easily -svas possible. Roentgen ray methods 
seem to have been applied in only three studies, those of Groedel (1912),' 
of Norris and Petterolf (1912 and 1913)-’^ and of LeWald (1916).'' 
Groedel studied hearts removed from the chest and so threw no light 
on the relation of the valves to the chest wall. Norris and Petterolf cut 
the thorax of 15 cadavers, preserved by formalin and frozen, into frontal 
sections one inch thick parallel -with the anterior chest wall, separated 
the sections and covered the surfaces of the heart valves ivith lead paint; 
after superimposing these sections in order, roentgenograms ivere taken, 
and the shadows of the valves, covered wuth lead paint, appeared in 
their true position in the roentgenograms. LeWald followed the general 
plan of Norris and Petterolf but localized the valves by inserting metal 
rings from the auricular side into the position where the valves joined 
the heart wall. Roentgenograms were taken in the postero-anterior, 
lateral and superior planes; these revealed unequivocally the position 
of the valves in the one cadaver studied. All of these studies showed 
the valves as located close together; the methods used did not exclude 
changes in position that might easily have occurred following death, 
and were of no help in localizing the valves in abnormal hearts. Physi- 
cal examination of patients wdth abnormal hearts and especially those 
that were greatly enlarged has thrown doubt on the fixed relationships 
of heart valves to chest wall, as indicated by these anatomical studies. 

Our observations on the visualizing in the living patient of calcium 
deposits in the aortic and mitral valves and in the annulus fibrosis of the 
mitral valve have given us a method of localizing the position of the 

_*Prom the Department of Roentgenology and tlie Medical Clinic of the Peter Bent 
Brigham Hospital, Boston, Mass. 
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heart valves in relation to the chest wall. These show that the actual 
position of the valves in the living subject varies greatly from patient 
to patient. 

Teclmio . — Tlie roentgenological and fluoroscopic technic lias been discussed in de- 
tail in our previous report.s To locate these calcified valves fluoroscopically, adequate 
preparation of the eyes is essential. A four-and-one-half- to five-inch gap (70- <5 
K.V. self-rectified) with five milliainperes of current usually is sufficient. A very 
sraall aperture should be used to eliminate secondary radiation. Observing these 
precautions the auriculoventricular junction on the left border of the heart eon- 



_ 1- — Seven superimposed orthodiagrams of aortic stenosis with calcification, 

the calcified deposit, left and right cardiac Borders, and chest -walls have been 
similarly numbered in each case. 


tour may be located by its V-shapied depression and lack of pulsation. A search 
tlirougli the heart shadow below and medial to this point will disclose the dancing 
sliadows cast by tlie calcium deposits if they are present in the mitral area. Cal- 
cifications in the aortic area usually are hidden by the vertebral column in the 
postero-anterior projection making oblique positions indispensable. A slight right 
aiitero-oblique position is best for visualization of the calcified aortic valves. Deep 
inspiration with an arrest of the respiratory cycle often helps in differentiating 
shadows in the lungs and mediastinum from those in the heart. 

For radiograms it was found satisfactory to use an exposure of one-thirtieth 
of a second with a maximum milliamperage of 200, distance of thirty inches, using 
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fast screens and speed films, and a two-and-one-lmlf-ineli cylinder, directed ac- 
curately at the valve, to cut down secondary radiation. 

The orthodiagrams were prepared in the usual manner. A skin pencil with a 
lead sheath (making it visible through the fluoroscope) was used to trace out the 
cardiac outline and valve positions on the patient’s chest using at all times a small 
aperture and parallel rays. The ribs were sketched in afterward and ifiiotographs 
taken in the standing position. For diagrammatic and demonstration purposes these 
outlines were also traced on clear roentgen films. 

As a result of these studies Ave present two diagrams shoAviug the 
position of the calcified portions of the aortic and mitral A^alves. Fig. 1 



Fig-. 2. — Nine superimposed ortliodiagrams of mitral stenosis with ealciflcation. 
The calcified deposit, left and right cardiac borders, and chest walls have been 
similarly numbered in each case. 


shows superimposed orthodiograms of seven cases of aortic stenosis Avitli 
calcification; it shows the outline of the heart borders and the chest Avail 
numbered tlie same as is the corresponding calcified area for that par- 
ticular lieart. The A'ariation in the location of the Amh-es is easily seen. 

Pig. 2 represents nine superimposed orthodiagrams of mitral valve 
calcifications similarly numbei’cd. Pig. 3 represents orthodiagrams of 
six cases of calcifications in the annulus fibrosis also similarly numbered. 
Tlicse shoAv the larger semicircular calcified areas Avhieh partially snr- 
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round the mitral valve and anatomically form the attacliment for the 
valve cusps. Also in these hearts of older patients the degree of en- 
largement is seen to he less. 

Fig. 4: shows two cases of aortic valve calcification. The variability 
of the valve position in relation to the xiphoid process is clearly brought 
out. In Case B the mark for the valve calcification is seen to be im- 
mediately over the xiphoid process. This patient was proved to have 
aortic valve calcification by post-mortem examination. There is no way 
to reconcile this low position of the valve with the textbook position 



unless we consider the explanation to be an elongation of the aorta 
ivith consequent depression of the right border domiward and a rota- 
tion of the apex outward. 

Fig. 5 shows two eases of calcified mitral valves. Noting the great 
difference between the heart contours of these two patients one would 
not expect the valve positions to be similar. The left auricular hyper- 
trophy in Case D is posterior. The calcification in the mitral valve has 
been confinned by pathological examination. 
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From these observations tlie following deductions may be drawn with 
regard to the position of tlie aortic and mitral valves in patients with 
abnormal hearts: 

1. Both valves are likely to be found on a line 45 degrees from the 
liorizontal, starting at the auriculovcntricular groove on the left border 



Fig. 4. — ^Two cases of aortic stenosis with calcincation. The curved line near the 
midline represents the position of tiie calcified valve In Case A. Tlie xiphoid process 
is shown by “v." Tlie arrow on the loft border marks the auriciilovontricular junc- 
tion. In Case B tlie calcified valve is seen to be directly over the xiphoid process. 



Fig’. 5. — Two cases of mitral stenosis with calciflcation. The vertical lines IWlOT 
the calcified area in Case C represent the area where the thrill was of Si'eatest in- 
tensity. Case D shov.'s the calcified area to tlie left of the xiphoid process, me 
auricular bulge in Case D was most marked posteriorly. 

of the heart shadow, this line corresponding to the position of the 
auricnloventricnlar groove. Fluoroscopically the calcified aortic valve 
if not on this line is likely to he medial to or above it, while the mitral 
valve varies lateral to and below it. 
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2. The mitral valve is likely to be more to the left of the midlirie than 
the aortic valve, and the latter may be exactly in the midline. 

3. The aortic valve usually is more caudad than the mitral valve in 
relation to the chest wall, but may be more eephalad in relation to the 
total bulk of the heart shadow. This is probably due to the predom- 
inance of the left ventricle in aortic disease and to the large dilated 
auricles in mitral disease. 

4. In the right anterior-oblique position the two valves may occupy 
the same position in relation to the cardiac outline, so that this view, 
although the one in which it is easiest to see the valves, is of no value in 
determining which valve is calcified. 

5. The left anterior-oblique view is the best for differentiating between 
aortic and mitral valve calcifications, but is the most difficult, because in 
this position the roentgen rays must traverse the maximum thickness 
of the heart. Small areas of calcifications visible in the other oblique 
view may not be visible in this view. If large enough to be seen in the 
left anterior-oblique position, the mitral valve calcifications will be found 
to lie in the posterior one-third of the heart shadow, while the aortic 
valve calcifications are usually in the middle one-third. If the posterior 
cusp of the mitral valve is calcified, it may be within one centimeter 
from the posterior surface of the heart shadow. The chief difficulty lies 
in deciding between calcification of the anterior mitral leaflet and that 
of the posterior aortic cusp. (It is important in this position to have 
the posterior surface of the apical portion of the heart just clear of the 
shadow of the spine.) 

6. In calcified annulus fibrosis cases the shadows are likely to be larger 
and denser, usually J-, 0- or U-shaped, and on the films are more homo- 
geneous in appearance than the irregularly mottled calcifications in the 
mitral leaflets. They occur frequently in patients without discoverable 
heart disease (although several cases of calcified mitral annulus fibrosis 
had slight aortic stenosis, uncalcified) and are usually found in pa- 
tients sixty years of age or older. 

7. If both valves are calcified, they may move independently; i.e., 
their dancing excursions with the heartbeat are not synchronous, but 
are consecutive. Further details on this part of the problem await the 
development of an aeeurate timing mechanism. 

CONCLUSION 

Great variations in position of the aortic and mitral valves occur 
as the heart enlarges or othervdse changes its relations to the thoracic 
cavity. This has an important bearing on the localization and distribu- 
tion of murmurs and is of great significance in the interpretation of 
physical signs. 
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THE INTERPRETATION OF THE GALVANOMBTRIC CURVES 
OBTAINED WHEN ONE ELECTRODE IS DISTANT FROM 
THE HEART AND THE OTHER NEAR OR IN CONTACT 
WITH THE VENTRICULAR SURFACE 

Part I. Observations on the Cold-Blooded Heart 

Frank N. Wilson, M.D., Ian G. W. Hill, M.B.,t and 
Franklin D. Johnston, M.D. 

Ann Arbor, Mich. 

INTRODUCTION 

I N A RECENT study of the electrocardiographic changes that follow 
the ligation of a large coronary artery we made extensive use of leads 
in which one electrode -was placed very near the heart or in contact 
with its exposed surface and the other as far from the heart as possible. 
In the course of this study the correct interpretation of the curves so 
obtained became a matter of importance, and certain questions that arose 
in this connection led us to investigate the following subjects: (1) 
The changes that curves obtained by leading directly from the ex- 
posed heart, in the manner described, undergo when the heart is com- 
pletely immersed in a conducting medium and the direct contact is moved 
away from its surface. (2) The nature of the electrical responses of 
injured heart muscle and the factors that influence their form in direct 
and semidirect leads. (3) The potential variations that occur in the 
ventricular cavities and the relations between them and the potential 
variations recorded at the epicardial surface. Part I of this paper deals 
with experiments performed on turtles. In these experiments only the 
first two of these subjects were studied. Part II (published separately) 
deals with a series of observations on the mammalian heart, concerned, 
for the most part, with the third subject listed. 

In studjdng the first of these problems we had in mind the objections 
raised by Bishop and GilsoW to the interpretation placed by Craib" on 
certain curves which he obtained by leading directly from the air-exposed 
surface of tissues paiHy immersed in a conducting medium. A few 
words of explanation are perhaps desirable. It can scarcely be doubted 
that the electric currents produced by an excitable tissue completely 
immersed in an extensive conducting medium are distributed in aecord- 
ance w ith the laws that define the flow of electric currents in volume 

•^m the Department of Internal Medicine. University of Michigan Medical School 
tProm the Department of Medicine. University of Aberdeen. 
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conductors. From the cliuractor o£ tliesc laws it follows that a cuitc 
obtained by pairing an electrode very close to the tissue with an elec- 
trode very far from it may bo regarded as representing the potential 
variations of the former (Wilson, Macleod and Barker^). By com- 
parison the potential of the distant electrode must be very nearly con- 
stant. Crailr employed such leads in studying the action currents of 
immersed and partly immersed tissues and interpreted his records in 
accordance with this principle. He made no distinction, and apparently 
saw no difference, between those experiments in which the tissue and the 
near electrode were fully immersed in the conducting medium and those 
in which the tissue surface with which this electrode was in contact 
was exposed to the air. He evidently regarded the tissue itself and the 
film of fluid adhering to its air-exposed surface as merely a part of the 
suiTounding conductor. With this opinion we are in complete agree- 
ment. Bishop and Gilson adopted a different point of view, and criticized 
Craib’s conclusions on several grounds. In their i^aper they ignored the 
laws that define current flow in volume conductors, and treated experi- 
ments of the kind mentioned as if the various conductors involved were 
parts of a network. They attributed many of Craib ’s findings to asym- 
metry of the tissue environment. According to their view it is not legiti- 
mate to assume that the potential variations of the distant electrode 
are negligible when this electrode is paired with an electrode in contact 
with the air-exposed surface of a partly immersed tissue. They spoke of 
the direct contact, when so placed, as partially insulated from the sur- 
rounding medium, and implied that its potential variations are entirely 
different from those that would occur in the medium near the point with 
wdiich it is in contact if the tissue were comjiletely submerged. 

If these conclusions arc correct and apply to leads from the exposed 
heart, it is not permissible to interpret the ventriciflar complexes ob- 
tained by precordial and by semidirect leads in accordance with the 
principles that apply to the interpretation of curves obtained by leading 
directly from the ventricular surface. Although our previous experi- 
ence led us to believe that semidirect leads from a given region on the 
surface of the immersed heart and direct leads from the same region 
when it is exposed to the air yield curves of strildngly similar outline, 
it seemed desirable to obtain further information on this point. 

In studying the responses of injured heart muscle we had several ob- 
jects in view. We sought, first of all, to arrive at a more complete 
understanding of the factors that determine the direction and magnitude 
of the displacement of the BS-T ' segment of the ventricular complex 
Avhich occurs immediately after the ligation of a coi’onary artery. As 
has frequently been observed, the same phenomenon is seen whenever the 
heart muscle is injured locally. In the second place we desired to con- 
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firm and extend the observations made by Wilson, Macleod and Barker® 
and to test the utility of the hypothesis advanced by them to explain the 
monophasic responses obtained from injured tissues partly or completely 
immersed in a conducting medium. 

METHODS 

Our first experiments were caiTied out on turtles (Graptemys geo- 
graphica). The animal was pithed, and the heart was exposed by re- 
moving the plastron or by cutting out that portion overlying the heart 
Avith a trephine. Two string galvanometers arranged in tandem enabled 
us to obtain two simultaneous records on the same film. One of these 
galvanometers was used in the ordinaiy way; the other Avas connected 
to the balanced plate circuit of a vacuum tube operating at its free 
grid potential (Wilson, Johnston, Macleod and Barker*). One terminal 
of each apparatus Avas attached to an Ag- AgCl electrode placed as far 
as possible from the lieart. In some instances these indifferent electrodes 
Avere placed on the tail or one of the hind legs. In other instances the 
turtle Avas placed on its back in a large shalloAV dish filled with Einger’s 
solution with Avhich the indifferent electrodes were in contact at a point 
as far from the animal as possible. The other terminal of each ap- 
paratus Avas attached to an exploring electrode Avhich could be placed 
on or near the heart as desired. The exploring electrodes consisted of 
small glass tubes stoppered Avith salted kaolin and filled with Einger’s 
solution into Avhich a coil of silver Avire coated Avith silver chloride was 
thrust. The contact Avith the heart Avas made by a Avick imbedded in 
the kaolin plug and alloAved to project several millimeters beyond the 
glass tube. In some instances this Avick was left bare; in others it was 
inclosed in a small rubber tube so that it Avas insulated to within one or 
tAvo millimeters of its end. When such electrodes are placed in a 
conducting medium, the effective electrode surface is, of course, at the 
end of the insulated shaft. 

DESCRIPTION OP EXPERIMENTS 

In describing illustrative experiments it Avill be convenient to dif- 
ferentiate betAveen the tAvo exploring electrodes by calling one of them 
the x-electrode and the other the y-electrode. We shall use the former 
term to designate the electrode connected to the galvanometer responsible 
for the upper cuiwe in our records, and the latter to designate the elec- 
trode connected to the grid terminal of the vacuum tube amplifier and 
thus indirectly to the galvanometer responsible for the lower curve. The 
connections were always so made that relative negativity of the exploring 
electrode produced an upward deflection. Tlie time intervals shoAvn on 
the records are fifths of a second. 
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Experiment I. TIk; lieart was exposed by trephining tlie plastron, and the animal 
was placed in a shallow dish containing Kinger’s solution. The indifferent electrodes 
were in contact with this solution at a point IG cm. from the nearest part of the 
turtle. The wick of the x-electrode was bare and extended 3 mm. beyond the glass 
shaft. The wick of the y-elcctrode was inclosed in a small rubber tube which 
extended to its tip. Both exploring electrodes were placed in contact with the 
ventricle approximately at the center of its ventral surface. They were very close 
together. After taking control curves (Fig. 1 J) the heart was flooded with 
saline (0.9 per cent NaCl) to a deptli of approximately S mm. This resulted in a 
conspicuous reduction in the size of both curves (Fig. 1 E), but the upper curve 
fell off more in proportion to its original size than the lower. When the added 
fluid was removed by aspiration and the surface of the heart dried by blotting, the 
deflections of both curves regained their original magnitude (Fig. 1 C). With 
one exception neither the direction nor the relative size of these deflections was 



Pig:. 1. — Experiment I. Exploring’ electrodes close together on ventral surface of 
turtle’s ventricle. Indifferent electrodes 16 cm. from turtle . (see text). Ordinate 
scale; lower cur\'e, 5 mv. per centimeter; upper curve uncertain (see text). In all ex- 
periments the connections were so made that negativity of the exploring electrode pro- 
duced an upward deflection in the corresponding curve. A, control ; E, after im- 
mersing heart in 0.9 per cent NaCl ; C, after removing saline and do'ing heart's sur- 
face ; Dj after burning tissue beneath exploring electrodes ; E, after again immersing 
heart in saline ; F, saline removed and lieart dried. 


altered either by flooding or by drying the heart. The upward deflection at the 
end of the QES interval originally present in the lower curve was very much smaller 
in subsequent records. Since it did not regain its former size when the heart was 
dried, this change was probably due to a slight shift in the position of the y-electrode 
when fluid was poured over the heart. 

The next step was to burn a small area immediately beneath the exploring elec- 
trodes with a hot iron. The ventricular complexes of both curves were immediately 
transformed into downwardly directed, monophasic deflections (Fig. 1 E). When 
the heart was flooded, the size of these deflections was greatly reduced, but their 
general outline was not changed (Fig. 1 E). The upper curve again fell off propor- 
tionately more than the lower. When the added fluid was removed, both curves in- 
creased in size, but neither quite regained its original amplitude or its original form 
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(Fig. 1 F). The appearance of a notch in each curve at the point where the chief 
upstroke or intrinsic deflection began before the heart was injured by burning should 
be noted. 

In one respect this experiment was imperfect. When the first curves were taken, 
the tension of each galvanometer string was adjusted to give a deflection of 1 cm. 
for a potential difference of five millivolts. When the experiment was completed, 
however, it was found that the sensitivity of the galvanometer responsible for the 
upper curve was less than one-half the desired value. It is not known whether an 
error was made in adjusting the string tension or whether the sensitivity of this 
instrument fell off during the course of the experiment. The lesser size of the upper 
curve in the records taken when the heart rvas not immersed is, therefore, probably 
due to faulty standardization. 

When fluid was poured ujpon the heart, the effective surface of the x-electrode, 
which was furnished with a bare wick, necessarily receded 2 or 3 mm. from the heart, 
and converted the previous direct lead into a semidireet lead. The effective surface 
of the y-electrode, which was rubber-tipped, also moved away from the heart, but 
the movement must necessarily have been very small. This difference betrveen the 
two electrodes accounts for the proportionately greater reduction in the size of the 
upper curve when the heart w'as flooded. A similar difference between udek and 
rubber -tipped electrodes was observed in all experiments iir which they were com- 
pared. Even when the heart has been blotted dry, some fluid clings to its surface 
and, in experiments of the kind under consideration, more soon collects. Eubber- 
tipped electrodes, which can be brought into more intimate contact with the muscle, 
are therefore likely to yield somewhat larger curves than wick electrodes unless 
care is taken to keep the surface of the lieart as dry as possible. 

Experment II. In this instance the indifferent electrodes were placed on the 
tail. Both exploring electrodes were rubber-tipped, but the wicks extended approxi 
mately 1.5 mm. beyond the insulation. These electrodes were iflaced on the ventral 
surface of the exposed ventricle; the x-electrode near the base on the left side, and 
the y-electrode on the right side near the apex. The distance between them was 
about 13 mm. After some preliminary observations the surface of the heart was 
dried, and a set of control curves was taken (Fig. 2 A). "When the heart was 
flooded to a depth of 5 mm., both curves became very much smaller (Fig. 2 B). The 
size of all the deflections was then doubled (Fig. 2 C) by reducing the tension of 
both galvanometer strings until a potential difference of ten millivolts produced a 
deflection of 4 cm. instead of 2 cm. As the fluid drained away, there was a further 
increase in their magnitude (Fig. 2 Z>), and when the heart was dried they became 
still larger (Pig. 2 E). Apart from these changes in amplitude both curves main- 
tained their original outline; the direction and relative size of the various deflec- 
tions remained the same throughout. 

After repeating these observations another control curve (Fig. 2 F) was taken, 
and a small area (about 5 mm. in diameter) beneath the x-electrode was then burned. 
The ventricular complexes of the upper curve promptly became monophasic (Pig. 
2 (?), but it should be noted that the injury altered only those portions of the 
ventricular complex that occurred after the onset of the chief upstroke or intrinsic 
deflection. The shape of the downstroke that preceded this deflection rvas not 
changed; the monophasic curve is marked by a notch at the point where this down- 
stroke ends. The change produced by the injury in the form of the lower curve 
was less pronounced but nevertheless definite. It consisted in a very distinct eleva- 
tion of the ES-T Junction and the ES-T segment. In general character these 
changes were not unlike those that took place in the upper curve, but they were 
smaller and in the opposite direction. When the heart was flooded with saline 
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(Pig. 2 H) and subsequently dried (Pig. 2 J), tlic size of both curves changed 
in the same manner as before. These procedures had no effect upon the general out- 
line of either. When an electrode with a bare wick was substituted for the rubber- 
tipped x-electrode, flooding the heart produced a much greater reduction in the 
amplitude of the monophasic curve than it had before, but there was no other 
material difference. 

In several e.xperiments we studied the changes that occur in the responses of in- 
jured heart muscle with the lapse of time. It is, of course, well known that the 
monophasic responses produced by injuring the heart are transient. We wished 
particularly to determine whether T-wave changes similar to those seen in coronarj' 
occlusion occur when displacement of the ES-T segment produced by injuring the 
turtle’s heart subsides. Because pronouneod variations in the form of the T deflec- 



Pig'. 2. — Experiment II. Exploring- electrodes on ventral surface of turtle’s ventricle. 
Indifferent electrodes on tail. Ordinate scale ; records A and B, 5 mv. per centimeter ; 
other records, 2.5 mv. per centimeter. A, control ; B, after Immersing heart in Q.J 
per cent NaCl ; C, after doubling sensitivity of both galvanometers ; D, fluid draining 
away ; remaining fluid removed and heart dried ; F, second control ; G-, after burn- 
ing tissue beneath x-electrode (upper curve) ; H, heart again immersed in saline; J, 
excess fluid removed and heart dried. 

tion often occurred without obvious cause, we found it impossible to ausAver thus 
question with certainty. Subsequent observations (Wilson, Johnston, Hill and 
Grout^) on dogs suggest that the inversion of the T deflection that follows elevation 
of the ES-T segment in clinical coronary occlusion is due to phenomena that take 
place at the margins of the infarcted area, and is not comparable to the minor T- 
wave changes that we sometimes observed after the disappearance of ES-T dis- 
placement produced by burning the surface of the cold-blooded heart. 

Experiment III. The turtle was placed on its back in a shallow dish containing 
Einger’s solution, and the indifferent electrodes were 16 cm. from the heart. Both 
exploring electrodes were in contact with the ventral surface of the ventricle, the 
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x-electrode -weU toward the left, and the y-eleetrode on the right side. After taking 
a control record (Fig. 3 A) the exploring electrodes were temporarily removed, and 
the basal portion of the dorsal ventricular surface was burned. The curves taken 
immediately after replacing the electrodes in their original positions show a definite 
upward displacement of the KS-T junction and the KS-T segment (Fig. 3 5) ; in the 
upper curve this displacement is conspicuous, in the lower it is comparatively small. 
Subsequent records showed a gradual decrease in the displacement (Fig. 3 C), and 
after the lapse of fifteen minutes it practically disappeared. No further change 
occurred during the next half-hour (Fig. 3D). At the end of this period the dorsal 
surface of the ventricle was burned again and over a slightly larger area than be- 
fore. As a result the ES-T displacement returned (Fig. 3 E). No T-wave changes 
similar to those that are seen in myocardial infarction occurred. 

Experment IF. In some of the experiments in which one exploring electrode was 
directly in contact with the injured area the disappearance of the downward KS-T 



Fig. 3.— Experiment III. Exploring electrodes on ventral surface of turtle’s ven- 
tricle. Indifferent electrodes 16 cm. from heart. Ordinate scale; 6 mv. per centimeter. 
W i -F’ after burning dorsal surface of ventricle ; O, nine minutes after burn ; 
iJ, forty-ftve minutes after burn; E, after second burn on dorsal surface. 


displacement produced by the injury in the corresponding curve was accompanied 
by the development of a sharp upward movement at the end of the ventricular com- 
plex. This phenomenon is shoum in the records reproduced in Fig. 4. In this ex- 
periment the heart was exposed by trephining the plastron, and the indifferent 
electrodes were placed within the trephine opening about 2 cm. from the heart. The 


exploring electrodes were in contact with the ventral surface of the ventricle, the 
x-electrode near the left margin of its basal, and the y-electrode near the right 
margin of its apical portion. After taking a control record (Fig. 4 A) a, small 
area beneath the x-eleetrode was burned. The upper curve promptly became mono- 
phasic, and the lower showed a very slight elevation of the KS-T segment (Fig. 4 B). 
The monophasic defieetion of the upper purve rapidly decreased in size (Fig 4 C)' 
and the mitial deflections of the ventricular complex gradually regained their former 
shape (Fig. 4 D, E and F). In the edntrol record the T deflection of the upper 
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curve ended in a distinct downward movement, but as the ES-T displacement of this 
curve diminished, a sharp peak developed at the point where tliis dip had formerlv 
occurred (Fig. 4 F). The development of this peak was accompanied by the ap- 
pearance of a simultaneous depression in the lower curve. In the last records 
(Fig. 4 F) this depression is not present, but it is possible that the position of the 
y-electrode shifted slightly during the latter part of the experiment. Although the 
T-wave change in this and in other similar experiments was in the same direction 
as ’that which occurs in coronary occlusion, it is doubtful whether it had a similar 
origin. 

DISCUSSION 

Apart from a slight difference in magnitude, the variations in potential 
at a given point on the ventral surface of the beating heart, tvhen that 
surface is exposed to the air, arc similar in all respects to the variations 
in potential in the immediate neighborhood of the same point when 



Fig. 4. — Experiment IV. Exploring electrodes on ventral surface of turtle’s_ ven- 
tricle. Indifferent electrodes about 2 cm. from the heart. Ordinate scale; o 
per centimeter. A, control ; B, Immediately after burning muscle beneath x-electroae 
(upper curve) ; C, four minutes after burn; D, fourteen minutes after burn; E, one 
hour after burn ; F, four hours, forty-two minutes after burn. 

the heart is completely surrounded by conducting material. In experi- 
ments of the kind under consideration it is certainly legitimate to neg- 
lect the potential variations of the distant electrode when the exploring 
electrode is very close to a portion of the heart’s surface that is im- 
mersed. This cannot be denied without asserting that the laws wliicli 
define current flow in volume conductors are invalid. We see no reason 
for considering the distant electrode appreciably less indifferent when 
the exploring electrode is in contact with a part of the heart’s surface 
that is exposed to the air. We shall therefore assume that in all of our 
experiments the indifferent electrodes ivere at zero potential tlu’oughout 
the cardiac cycle. 
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If the potential of the distant electrode was not significantly affected 
by the heartbeat, the monophasic responses obtained in onr experiments 
must be regarded as representing the potential of the exploring electrode 
and hence of the injured or dead muscle in contact with it* 

If we adopt the language of the membrane theory, we may say that 
when a small spot on the surface of the heart has been burned, the cell 
membranes of the superficial layers of muscle which have been lulled are 
completely depolarized. We may assume that this dead tissue is bounded 
by a zone of injury in which the cell membranes are pai'tiallj^ de- 
polarized, and that the muscle beyond this zone is in no way affected. 
Any difference in potential between our electrodes produced by the 
current of injury may be neutralized. So far as the particular lead we 
are using is concerned this procedure restores the electrical conditions 
that prevailed before the injury. Bj"- compensating the injury current 
we have in effect repolarized the dead and injured tissues to the original 
intensity. The injury can now have no effect upon the potential differ- 
ence between our electrodes until an excitation wave reaches the injured 
region. When the excitatorj^ process spreads over the heart, partial or 
complete depolarization of the uninjured cell membranes takes place, 
and we shall assume that the resulting change in the electromotive force 
across these membranes is eveiywhere uniform. The excitation wave 
cannot, however, alter the electromotive force across the cell membranes 
that have been destroyed; in the zone of injury the degree of depolariza- 
tion produced by its arrival may vary from zero to noi'mal. 

The injury cannot modify the electrical effects produced by the ex- 
citation of parts of the heart that it does not involve. When the ex- 
ploring electrode is in contact \vith the ventricle, the chief upstroke 
or intrinsic deflection of the curve obtained signals the arrival of the 
excitatory process at the subjacent epicardial surface (Lewis and Koth- 
schild'^). Since a local injury can have no effect upon the action cur- 
rent until the excitation wave reaches the injured region, the deflections 
of this curve that precede the chief upstroke are not changed by super- 
ficial injuries affecting the muscle immediately beneath the exploring 
electrode. 


^Physiologists have usually obtained curves of this kind by placing both electrodes 
upon the epicardial surface, one upon an uninjured and the other upon an injured re- 
most part, fully to appreciate that the potential of an electrode 
affected not only by the excitation of the muscle immediately in con- 
I'lct with It, but also by the e.xcitation of every other part of the heai’t, they hav'> 
because dead muscle can produce no action currents, the po- 
«ie latter electrode does not change. They have therefore regarded the 
with representing the potential variations of the electrode in contact 

vnjnjured muscle. Since the potential of a given point can he measured onlv 
with reference to .that of some other point, one is® at liberty to choosfthl stanferd 
that IS inost suitable for his purpose. In studying an electric field it is 
'^o.mvntional to define the absolute potential of any point In the field as its 
potential with reference to that of a point outside the field (Attwoodn. For mam- 

have already given, we have found it desirable when studv- 
electric field produced by the heartbeat to choose as our zero the potential of 
a point as far from tlie heart as possible. potential ot 
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Tlie most striking effects of a fresh injury occur dui-ing the period 
immediately after all the uninjured cardiac muscle has passed into the 
excited state. Assuming that the current of injury has been neutral- 
ized, the potential of the exploring electrode at this time must be the 
same as it would he if the cell membranes of the dead muscle remained 
in the resting and fully polarized state and those of the injured muscle 
were onlj^ partially depolarized. The excitation wave is blocked at the 
boundaries of the injured tissue. The electric forces produced by its 
spread at the moment when, and in the region where, block occurs per- 
sist unaltered until they are extinguished bj’’ the retum of the excited 
muscle to the resting state.^' 

It is possible to obtain a more exact idea of the electrical situation in 
the following waj*: Consider the zone Ijdng between the two surfaces 
which separate the injured muscle from the dead muscle on the one side 



Pig:. 5. — ^Diagrammatic representation of the electric field produced by an injured 
section of the ventricular wall at the end of Oie QRS interval. This field is similar 
to the one that would be produced if the injured muscle (dotted zone) were polarlzea 
in the sense indieated. If the exploring electrode were placed at Pi, the RS-T displace- 
ment would be downward ; if tliis electrode were placed at P:, the displacement woiua 
be upward. 


and from the uninjured muscle on the other. Imagine that each fiber 
element within this zone is polarized in such a sense that the end nearest 
the dead muscle is positive and the end nearest the uninjured muscle 
negative. Imagine further that the intensity to which each element 
is polarized is equal to the difference between the change in the intensity 
of polarization of the cell membranes of that element actually produced 
by the spread of the excitation wave over it and the change that would 
have been produced if no injury had occurred. The electric field pro- 
duced by this polarized zone (see diagram. Fig. 5) will then be identical 
\vith the one that occurs at the end of the QRS interval when the excita- 

•Dlsplacement of the RS-T segment may, of course; occur even when the injury is 
not severe enough to cause block. It becomes maximal when block is prouucea. i o* 
the production of this phenomenon it is essential that, in the region affected, ine 
change in the intensity of membrane polarization produced by excitation shall ee 
less than elsewhere. Whether a current of Injury is or is not flowing is immaterial. 
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tiou wave has been blocked at the boundary of the injured region.'' For 
many purposes we may neglect the width of the zone specified and re- 
place it by a single polarized surface lying between the injured and the 
uninjured tissue. At each point of this surface the intensity of polariza- 
tion must be such as to make the drop in potential across it eijual to the 
drop in potential across the corresponding portion of the polarized zone, 
and this in turn must be equal to the difference between the change in 
the electromotive force across the cell membranes produced by excitation 
on one boundary of this zone and that produced on the other. The 
character of the electrical field that would be produced by such a polar- 
ized surface has been discussed elsewhere.^ For our present purpose we 
may regard the potential at a given point as roughly proportional to the 
product of the intensity of polarizationj and the solid angle subtended 
at that point by any surface having the same boundaries or edges as the 
one specified (Wilson, Macleod and Barker®). 

For a short period immediately following the QKS interval we may 
therefore expect the potential of the exploring electrode to be the same 
as it would be if the surface separating injured and uninjured muscle 
were polarized in the sense and to the intensity designated. If the ex- 
ploring electrode is in contact with the injured area, the displacement 
of the RS-T segment will be downward; and if the surface of contact be- 
tween the heart and the electrode lies wholly within the boundaries of 
the injured area, the size of the latter will have little or no effect upon 
the amount of displacement. If the heart is immersed in a conducting 
fluid and the exploring electrode is gradually moved away from the 
injured region along a line perpendicular to the surface of the heart, 
the solid angle subtended at the electrode by the polarized surface speci- 
fied will decrease and the doivnward displacement of the RS-T segment 
must diminish. It should decrease much more rapidly when the injured 
area is small than when it is large. In order to produce RS-T displace- 
ment when the exploring electrode is at a considerable distance from 
the heart a large area of injury is necessary. If the injury is on the 
epicardial surface and the exploring electrode is on the opposite side of 
the heart, the solid angle subtended at this electrode by the polarized 
surface specified will be negative and the RS-T displacement will be 
upward. 


By appropriate means a grade of injurj^ insufficient to kill the muscle 
most seriously affected may, of course, be produced. If the excitation 
wave is not pi’evented from reaching this muscle, the drop in potential 
across the postulated surface between injured and uninjured muscle 


*See Wilson, Macleod and Barker.^ 

unnecessary complications we assume that the intensity of nolai-i^ntinn 

“cS ASS! neeSSlirS 



J74 


TIIK AMKItK-AX HBAUT .JOUHXAL 


■will not be so great as it -would be if block oecurred. The IIS-T dis- 
placement cannot be maximal and a pure monophasic response cannot 
occur unless the injuiy is of sufficient grade to malcc it impossible for 
the excitation wave to reach the most severely injured tissue. If the 
injury is slight, the RS-T displacement -will be sliglit; other factors 
being equal its magnitude sliould l)c proportional to the effect, in the 
zone where it is most intense, upon the change produced by excitation in 
the electromotive force across tlie cell membranes. 

Only fresh injuries produce ES-T di.splaeement. Within a short but 
variable time conditions similar to those that obtained before the injury 
are reestablished. The fatally injured muscle dies; some of the damaged 
cell membranes recover; new membranes may ])erhaps form. During this 
period of recovery the curves obtained arc similar in every way to those 
that would be obtained if the grade of injury gradually grew less. The 
electideal effects produced by the ti.ssuc that has been killed are, of 
course, permanently lost. 


SUAIMARY 

When an electrode at a distance from the heart, is paired with an 
exploring electrode in contact with the ventricular surface, the curve 
obtained represents the potential variations of the latter. By comparison 
the potential valuations of the former are so small that they may be 
neglected. 

The curve obtained from a given point, when the ventricular surface 
upon which the exploring electrode is jilaccd is exposed to the air is 
larger but similar in all other respects to that obtained from the same 
point when the heart is completely surrounded b.y a conducting medium. 

When the muscle beneath the exploring electrode is injured, pro- 
nounced displacement of the RS-T segment occurs and the ventricular 
complex often becomes monophasic. If the connections have been made 
so that relative negativity of the cxiiloring electrode produces an up- 
ward deflection, the direction of this displacement is downward. When 
the subepicardial muscle is injured over a large area and the injury and 
the exploring electrode are on opposite sides of the heart, the displace- 
ment is upward and is less pronounced. 

At the time when the displacement is maximal the electric field about 
the heart is similar to the one that would be produced if the surface 
between the injured and the uninjured muscle were polarized in such a 
sense as to make the injured muscle positive. A local injury on the 
epicardial surface does not alter the action current produced by portions 
of the heart that the injury does not involve. In any lead the deflections 
that are •nrritten before the excitation wave reaches the injured region 
are of the same form after the injury as before. The RS-T displace- 
ment produced b}’’ burning the surface of the eold-blooded heart quickly 
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subsides and is not, apparently, followed by T-wave changes of the 
kind that oeenr when the mammalian heart is injured by coronary liga- 
tion. 
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THE INTEEPRETATION OF THE GALVANOMETRIC CURVES 
OBTAINED WHEN ONE ELECTRODE IS DISTANT PROM 
THE HEART AND THE OTHER NEAR OR IN CONTACT 
WITH THE VENTRICULAR SURFACE^- 

Part II. Observations on the IVIammalian Hea rt 

Frank N. Wilson, M.D., Franiclin D. Johnston, M.D., and 
Ian G. W. Hill, M.B.t 
Ann Arbor, Mich. 

/ NTRODUCTION . — The observations reported here supplement those 
described in Part I.^ The point of view is fundamentally the same, 
but the method of analj^sis is different. Our present purpose is to dis- 
cuss certain relations between the potential variations that occur at or 
near the epicardial suiff ace of the mammalian heart and those that take 
place inside the ventricular cavities. Our investigation of this subject 
was prompted by the observation that when the anterior wall of the heart 
is infarcted, the ventricular complexes in preeordial leads are similar 
to those obtained when the exploring electrode is placed opposite one of 
the valvular orifices of the normal heart.^ We suspected that in both 
cases the ventricular complexes were of the kind that would be obtained 
by placing this electrode inside the ventricular cavity. 

Methods . — Practically all the observations discussed on the follomng pages were 
made more or less incidentally in the course of a series of experiments in which our 
main object was to study the electrocardiographic changes produced by infarction 
of the myocardium. The dogs used had previously been subjected to an operation 
in which coronary ligation was performed or attempted. There is, however, no reason 
to believe that different results would hai'e been obtained if normal animals had 
been used. We shall consider no observations upon which the previous interference 
or attempted interference ivith the coronary circulation could conceivably have a 
bearing. Unless otherwise noted all observations were made after exposing the 
heart by splitting the sternum and opening the pericardial sac. Standard Lead I 
was taken simultaneously ivith all direct and semidirect leads. The latter were 
taken w'ith the galvanometer responsible for the lower curve, and this galvanometer 
was connected to the plate circuit of a vacuum tube as in the case of the turtle e.v 
periments described in Part I. 

The indifferent electrode was usually placed upon the left hind leg; in a fe" 
experiments a central terminal, connected to the two forelegs and to the left hind 
leg through resistances of 5,000 ohms, served as the indifferent p'oint.2 For direct 
leads the string tension was adjusted to give a deflection of one-half centimeter 
when a potential difference of ten millivolts was introduced into the input circuit. 

‘From the Department of Internal Medicine, University of Michigan Medical School. 
tOf the Department of Medicine, University of Aberdeen. 
t.See page 1C3. 
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When semidiieet leads -were taken, the deflection per millivolt was greater, but the 
galvanometer sensitivity varied with the position of the exploring electrode. The 
exploring electrodes used were similar to those employed in our turtle experiments 
(Part I), except that in most instances the wick was replaced by a small piece of 
sponge. To obtain records of the potential inside the ventricular cavities we em- 
ployed an electrode that could be thrust through the heart wall. This stab -electrode, 
which was also useful in studying the responses of injured heart muscle, consisted 
of a piece of heavy copper wire, about three inches long, sharpened at the end. 
Enamelled ndre was used and the insulation was left intact to within approximately 
one millimeter of the point. Because of the high resistance in the input circuit of 
the vacuum tube this electrode did not polarize, 

Ilhistrative experiment . — The curves reproduced in Fig. 1 are from 
an experiment (Experiment 45) in which a stab-electrode was pushed 
tlirough the skin, in the fifth intercostal space 6 cm. to the left of the 



Elg. 1. — Experiment 45. Upper curve represents standard Lead I In all records. 
L^wer curves obtained by pushing a sharp electrode, insulated to the tip, through the 
sidn or precordium (fifth interspace) and thrusting it deeper step by step until 
It entered the cavity of the left ventricle. A central terminal (see text) served as 
the indifferent point, A, electrode 0.75 cm. beneath the skin; B, electrode 2 cm. be- 
neath the skin ; C, electrode 3.75 cm. beneath the skin and just touching the heart: 

electrode 4.6 cm. beneath the skin and Inside the cavity of the left ventricle, 
oramate scale of lower curves : A and B, 2 mv. per centimeter • remaining curves, 
20 per centimeter. In all experiments the connections were so made that negativ- 
ity of the exploring electrode produced an upward deflection. 


midline, and thrust step by step through the underlying tissues until it 
entered the cavity of the left ventricle. This procedure was carried out 
after the animal had been fnlly anesthetized and while the chest was 
intact. The indifferent point was a central terminal of the kind already 
described. Curves were taken when the uninsulated point of the elec- 
trode was 0.75 cm. beneath the skin (Fig. 1 A), 2.0 cm. beneath the skin 
(Fig. 1 B), 3.75 cm. beneath the sldn and just touching the heart (Fig. 
1 C), and 4.6 cm. beneath the skin and in the' cavity of the left ventricle 
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(Fig-. 1 Z^). For tlic first two curves tlic galvanometer sensitivity was 
one-lialf normal; for the last two it was one-twentieth normal. The chest 
was then opened, and wlien the heart Avas exposed, the puncture wound 
made by tlie sharp electrode Avas easily located on the anterior surface 
of the left ventricle about 1 em. beloAV the interventricular groove. A 
curve Avas then taken Avith a sponge-tipped exploring electrode placed 
directly over this imint (Fig. 1 E). 

These euiwes are of interest from several points of vicAv. AVe may call 
attention, first of all, to the close resemblance in general outline between 
the initial ventricular delleetions of the curves taken Avhen the stab- 
electrode Avas still some little distance from the heart and the initial 
deflections of the curve taken from the region of the puncture Avound 
after the lieart liad been exposed. Tlie T deflections of the former cun-es 
and those of the latter are quite unlike, but this is not surprising since 
it is knOAvn that the T deflection is easily modified by many factors. 
AVJien the stab-electrode came in contact Avith the heart, the resulting in- 
jury, AA’hich must have involved a A'cry small amount of muscle, gaA'C rise 
to a monophasic A-entrieular complex. Because the injured area was 
smaller than the surface of the sponge-tipped electrode, and also per- 
haps because of the lapse of time, no definite RS-T displacement Avas 
observed AAdicn tliis electrode Avas later placed in contact Avith the Avound. 

The ‘poiential of the ventricular cavities. — The cuiwe from the left 
ventricular cavity (Fig. 1 B) is smaller in amplitude but otherwise 
similar to those obtained from this cavity in e.xperiments in Avhich the 
heart had been e.xposed. The main xrpstrokc occurs very early and is 
not preceded, as is invariably the ca.se in epicardial curves, by a doAAm- 
Avard movement. It is less abrupt and of longer duration than the in- 
trinsic deflections of epicardial leads. The T deflection is represented 
by a rounded depression. The curves obtained, from the cavity of the 
right ventricle frequently shoAv a small initial dip; in other respects they 
are similar to those obtained from the caA'ity of the left. 

Tlie euiwes reproduced in Fig. 2 {A, B, G, and B), represent the 
potential A'ariations of the tiAm A’-entricular caAdties before and after the 
left branch of the His bundle Avas cut (Experiment 26). BetAveen the 
tAvo curves taken before branch block Avas produced there is only one 
important difference; the main upstroke of the right Amntricular cun^e 
(Fig. 2 H) is preceded by a small hiA’-crted peak, but the left Amntriculai' 
curve (Fig. 2 G) sIioavs no more than a mere trace of such a deflection. 
When the bundle Avas cut the former curve lost its iiwerted peak (Fig. 
2 iJ), and the latter developed a large doAViiAAmrd moAmment (Fig. 2B), 
Avhich completely altered its appearance. In experiments in Avhich the 
right branch of the His bundle had been cut the right Amntrieular curve 
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began with a large downward movement (Fig. 2 E), and the first defiee- 
tion of the left ventricular curve was upward (Fig. 2 F). 

We believe that these obseiwations have an important bearing upon 
the interpretation of all curves obtained by placing the exploring elec- 
trode near or in contact with the epieardial surface. The electromotive 
force produced by the excitation wave as it spreads over the ventricular 
walls from within outward tends to make the ventricular cavity negative 
and the epieardial surface positive. The magnitude of the electromotive 
force generated by any section of the ventricular wall at a given instant 
is measured by the difference between the electromotive force across 
the cell membranes of the innermost and the electromotive force across 
the cell membranes of the outermost layers of muscle (Wilson, Macleod 



pjg. 2. — Upper cui-\’e represents standard Lead I. Lower curves as follows: Poten- 
tial of right ventricular cavity before (A) and after (B) cutting the left branch of the 
His bundle. Potential of left ventricular cavity before (U) and after (D) cutting left 
Di-anch of His bundle. Potential of right (B) and potential of left (P) ventricular 
^vity after cutting the right branch of the His bundle. The last two curves are from 
Experiment 50 ; the others are from Experiment 28. In both these experiments a 
central terminal served as the indifferent point. 

and Barker®). Before activation of the subendocardial muscle begins 
and after activation of the subepicardial muscle is comiileted, the electro- 
motive force across the ventricular wall is zero. It increases rapidly 
wlien the excitation reaches the endocardial and decreases rapidly when 
it reaches the epieardial surface. Throughout the QKS interval the 
electric field about the heart is equivalent to that which would be pro- 
duced if the zone of muscle undergoing activation were polarized in such 
a way as to produce an electromotive force between its boundaries equal 
to that generated by the corresponding portion of the ventricular wall.® 
The curve from the left ventricular cavity reproduced in Fig. 1 D 
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represents the potential at a point a little less than 1 cm. away from 
the puncture wound on the epicardial surface. Nevertheless its initial 
deflections are very different from those obtained, after the heart had 
been exposed, by placing the exploring electrode directly over this 
•wound. If Ave may neglect the effect of exposing the heart upon the 
electric field in this neighborhood, we may say that throughout the 
period -when the potential of the epicardial surface -was positive, that 
of the nearest part of the ventricular cavity was negative. 

We believe that all the major differences beUveen the initial deflec- 
tions of the Uvo curves in question must be ascribed to the effect of the 
electromotive forces generated by the activation of that section of the 
ventricular wall through w'hich the stab-electrode passed. This opinion 
is based, first of all, upon the character of the laws that define the flow 
of electric currents in volume conductors.® Electromotive forces gener- 
ated in other parts of the heail; might easily produce a difference in 
potential between two electrodes on opposite sides of the lateral wall of 
the left ventricle and approximatelj'’ 1 cm. apart. It would be practically 
impossible for such forces to make one of these electrodes negative and 
the other positive "with respect to a point distant from the heart. The 
initial deflections in Fig. 1 E are, as Ave have already pointed out, strik- 
ingly similar in general outline to those in Figs. 1 A and 1 B, which 
represent the potential at two points, one approximately 1.75 cm. and 
the other 3 cm. from the puncture wound. The potential variations that 
occurred at these points during the QKS inteiwal differed only in magni- 
tude from those that took place at the epicardial surface. The reason 
must be that bet'\i'een these points and the epicardial surface there Avas 
no cardiac muscle generating an electromotive force. Finally, it Avas 
found in the course of our obseiwations on experimental myocardial in- 
farction that Avhen a section of the ventricular Avail has been IdUed, the 
curves obtained by leading from the epicardial surface and those ob- 
tained by leading from the nearest part of the ventricular cavity are 
practically identical in form.^ It is, therefore, clear that the potential 
of a point just inside and that of a point just outside a given part of the 
ventricular Avail Amry in a similar Avay Avhen no electromotive force is 
being generated by the muscle betw^een them. 

When the excitation waA’^e lias spread over most of the subendocardial 
muscle of the left A^entricle, Ave may think of the cavity of this ventricle 
as surrounded by a zone of muscle undergoing activation and producing 
effects similar to those that would occur if it AA’^ere electrically polarized. 
For most purposes the A\ddth of this zone may be neglected, and it may 
be regarded as a polarized surface. At any instant during the QRS in- 
terval there must be in this polai’ized zone or surface certain Avindows 
or openings; an opening corresponding to each of the valvular orifices; 
to each region where the subendocardial muscle has not yet been acti- 
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vated; and to each region where the whole thiclmess of the venlxicular 
wall has passed into the excited state. Thronghont the QRS interval, 
points in the ventricular cavity lie on the negative side of the polarized 
zone and display a negative potential. The potential of a point on or 
near the epicardial surface and opposite a window must be similar to 
that of the neighboring part of the ventricular cavity. We may there- 
fore expect an exploring electrode that is on or near the epicardial sur- 
face to he either at zero potential or negative with respect to a distant 
point until the subendocardial muscle of the subjacent wall is activated. 
When activation of this muscle begins, the potential of this electrode will 
rapidly become less negative or more positive; as soon as this muscle 
is fully active it will be strongly positive. When the excitation wave 
reaches the subepicardial muscle, the potential difference between the 
epicardial surface and the ventricular cavity will rapidly decrease; when 
this muscle is fully active, it will practically disappear, and the explor- 
ing electrode will again be either negative or at zero potential with re- 
spect to an indifferent point. 

In this discussion we have, for the sake of simplicity, neglected the 
effects produced by the simultaneous spread of the excitation wave 
through the walls of the right ventricle. The cavity of this ventricle 
wll likewise be surrounded by a polarized zone or surface, which must 
produce an electric field and affect the potential of points on the epi- 
cardial surface of the left ventricle as well as elsewhere. When both 
sides of the septum are activated simultaneously, however, we may neg- 
lect the effects produced by it, and regard the two polarized surfaces as 
forming a single surface surrounding both ventricular cavities. If the 
two sides of the septum are not activated simultaneously, the matter is 
more complicated. In bundle-branch block the cavity of the homolateral 
ventricle lies outside the polarized zone which surrounds the cavity of 
the contralateral ventricle, and is therefore positive until the excitation 
wave has pierced the septum. The inverted peak that usually precedes 
the main upstroke in curves from the right ventricular cavity of normal 
animals apparently means that the left side of the septum is ordinarily 
excited in advance of the right. 

Epicardial curves.— 'W e may now apply the principles outlined to the 
interpretation of the more common types of initial ventricular deflections 
obtained by leading directly from the epicardial surface. Examples of 
these are shoAvn in Pig. 3 {A, B, G, and D). Leads from the central 
portion of the anterior surface of the right ventricle, where the muscle 
is thin, usually yield curves wliieh show' a small douuiward movement 
followed by the intrinsic deflection," wliich rises far above the baseline 
(Pig. 3 fl.) . We ascribe the dowmward movement to the electrical effects 
produced by the passage of the excitation wave outward through the thin 
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As soon as the subepicardial muscle beneatli the exploring elec- 
trode has become fully active, this electrode assumes the potential of the 
ventricular cavity which at that instant (very early in the QRS inten'al) 
is strongly negative. 

It is true that the onset of the intrinsic deflection marks the arrival 
of the excitation wave at the epicardial surface." This deflection is not, 
however, due to electric forces produced by and originating in the muscle 
beneath the exploring electrode. If the excitation wave were not spread- 
ing on the opposite side of the ventricular cavity, the complete activa- 
tion of this muscle might permit the string to return to the baseline, but 
could not carry it beyond. The electric forces that make the exploring 
electrode .stronglj^ negative and rai.se the intrinsic deflection above the 



Fig. 3. — -Upper curve represents standard Lead I in all records. The data given 
below refer to the lower curves only. 

Records of upper row: Exploring electrode on the epicardial surface. A, explor- 
ing electrode on right ventricle (central region) ; B, on left ventricle (near 
ventricular sulcus) ; C, on left ventricle (central part of ventral surface) ; D, on leu 
ventricle (near apex). Tlie first three of these curves are from Experiment ou. 
in which a central terminal served as the indifferent point. The last one is from 
Experiment 32 in which the indifferent electrode was on the left hind leg. Ordinal 
.scale: 20 mv. iier centimeter. 

Records of lower row. Curves from an experiment, performed in January, 1930. 
in which the indifferent electrode was placed on the left hind leg. R. exploring elec- 
trode on conus arteriosus just below pulmonary valve ; F, exploring electrode on 
pulmonary artery just above pulmonary valve ; Gj exploring electrode in cavity oi 
right auricle. Ordinate scale : for B, 10 mv. per centimeter ; for F and G, 5 mv. pe 
centimeter. 


zero level are the same as those that make the ventricular cavity strongly 
negative. These forces originate, for the most part, in muscle distant 
from the exploring electrode. 

♦The same forces that produce the initial downward movement in curves 
right ventricular cavity may contribute in some small measure to the formation 
this deflection. 
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111 curves from the thicker portions of the right and from the greater 
part of the left ventricular surface the intrinsic deflection is preceded 
by a dovmstroke that is much deeper and of longer duration (Fig. SB). 
The greater duration of this deflection, in comparison with those ohtained- 
from thin portions of the ventricular wall, is clearly due to the increased 
time required by the excitation wave to spread from the endocardial 
to the epical-dial surface. Its greater depth may be due to several causes. 
Up to a certain point an increase in the thielmess of the ventricular wall 
may tend to increase the electromotive force which it develops during 
activation. Excitation is not instantaneous, but requires a short interval 
of time. When the time required by the excitation wave to cross the 
ventricular wall becomes greater than the time necessary for complete 
activation of a single muscle element to take place, the endocardial sur- 
face must become fullj’- active before activation of the epicardial sur- 
face begins, and the eleeti-omotive force between the two surfaces must 
reach its maximal value. It should be remembered, however, that the 
electromotive force across the ventricular wall is approximately equal to 
the difference m potential between the cavity and the ej^icardial surface. 
Early in the QRS interval tlie ventricular cavity is strongly negative; 
an electromotive force across the veirtricular wall sufficiently large to 
produce a small downward deflection in a given epicardial lead at this 
time would produce a much larger one later when the negativity of the 
ventricular cavity is less pronounced. Intrinsic deflections that occur 
late do not rise far above the baseline because the potential of the ven- 
tricular cavity is then approaching zero. At a time when the potential 
of the cavity is not changing rapidly, the height of the intrinsic deflec- 
tion, measured from the point below the baseline where it begins to the 
])oint above the baseline where it eirds, may be taken as a rough measure 
of the electromotive force that existed across the ventricular wall im- 
mediately before its onset. 

From some parts of the left ventricle, less often from parts of the 
right, curves are sometimes obtained in which the downward movement 
produced by the outward progress of the excitation wave is preceded 
by a small summit (Fig. 3 G and D). An unusually large deflection of 
this kind is shomi in Fig. 3 E. This curve was obtained by leading from 
the epicardial surface of the conus arteriosus just below the pulmonary 
valve. The curve shovm in Fig. 3 F was obtained from the surface of the 
pulmonary artery just above the valve, and that reproduced in Fig. 3 G 
from the cavity of the right auricle. The last two are similar to eunms 
from the ventricular cavities; they show no distinct downward movement 
preceding the main upstroke. In the one instance the exploring electrode 
was opposite tlie pulmonary orifice and in the other opposite the tri- 
cuspid orifice, and in both cases its potential apparently varied -with tbnt 
of the right ventricular cavity. When this electrode was placed on the 
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muscle of the coiius (Fig. 3 F), its potential followed that of the cavity 
only until the endocardial surface became active.®' It then became posi- 
tive and remained so until the excitation wave reached the epicardial 
surface, at which time the usual intrinsic deflection occurred. 

We attribute the occurrence of an initial upward deflection that pre- 
cedes the chief dovraward movement in epicardial leads to late activation 
of the endocardial surface. We believe that the summit of tliis deflection 
occurs approximately at the time when activation of this surface begins. 
In rare instances this peak is preceded by a diminutive do\vnward move- 
ment, and the cause of this preliminary dip is obscure except in those 
eases where a similar and simultaneous dip occurs in leads from tlie 
ventricular cavity. 


<0 6 C 




Pig. 4. — ^Diagrammatic representation of the electric forces generated by 
tion of a section of the ventricular wail that has been injured by pressing a snarp 
electrode against Its epicardial (A, B, and (7) or endocardial (D and E) suriace. 
The dotted zone represents injured muscle (about the end of the sharp 
which the excitation wave has not yet reached. Tlie black zone represents the un- 
injured muscle that is undergoing activation and the injured muscle which the 
tion wave has reached and in which it has been bloci:ed. Across this 
electromotive force of the kind indicated. .4, tlie electric forces early in the QKb in- 
terval before the e.xcitation wave has reached the Injured tissue ; B, and Dj just wie 
the excitation wave has reached the injured tissue; C and E, at the end of the 
interval when all of the uninjured muscle has passed into the excited state. 
sake of clarity tlie black zone has been made relatively narrow in comparison wu 
the thickness of the ventricular wall ; it is probably much wider than is here inaicateu. 


The curves obtained, ivhen a sharp electrode w med. — Injtu’ies that 
involve the subepicardial muscle over a small area have no appi’eciahle 
effect upon the curves obtained by leading from the ventricular cavity; 
they have a v'^ery profound effect upon those obtained bj'’ leading directly 
from the region injured. When the curve reproduced in Fig. 1 C is 
compared with that shown in Fig. 1 Z>, it is clear that, in effect, the 
injury^ inflicted by the stab-electrode maintained throughout the greater 
part of systole the electromotive force generated across the subjacent 

•In many animals leads from the conus yield curves in which the initial deflection 
is downward. 
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ventricular wall by the outward passage of the excitation wave. The 
reasons for this have already been given (Part I), but they may be 
restated in a somewhat different form. When the excitation wave is 
blocked at the boundary of the injured region, the effect is the same as 
if the muscle beyond the block were uninjured and remained in the un- 
excited state. The polarized zone which represents muscle undergoing 
activation spreads outward to the region of block and remains there 
until it is abolished by the return of the adjacent uninjured muscle to 
the resting condition (Pig. 4). At the end of the QRS interval, when 
all the luiinjured muscle has been activated, the electromotive force 
across this zone is the same as if it were bounded on the outer side by 



in curves represent standard Lead I in all records. The lower curves 

ooint« ^ column were taken from the same or from neighhorlngr 

elecnodP (upper row) and the other with a sharp 

thP 20 mv. per centimeter. A and B are from 

thi rifht vAJjJrfiin ^5) ; O and D are from the ventral surface of 

tral (Experiment 11). E and F are also from the ven- 

ventricle, near the base (Experiment 50) and were taken 
aitei the right branch of the His bundle had been cut. 


Testing and on the inner side by fully active muscle; it is therefore equal 
to the maximal electromotive force that the ventricular wall can generate 
between its two surfaces. 

If the injury is not severe enough to cause block, it does not prevent 
the excitation wave from reaching the epicardial surface. It does not, 
therefore, abolish but merely reduces the decrease hi tlie electromotive 
force across the ventricular ivall that ordinarily follows this event. The 
effect is the same as if the subepicardial muscle could be partiaUy but 
not fully excited. The electromotive force across the polarized ’zone 
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bordering the injured muscle ai the end ol! the QRS interval is then 
submaximal. 

When two curves arc taken from the same or from neighboring points 
on the ei)icardial surface, the fn‘st bj- means of a soft-tipped and the 
second by means of a stab-electrode, the ventricular deflections of the 
two curves are usually identical or nearly so up to the point where the 
intrinsic detlection begins (Pig. 5). The reason for this is obvious; 
as we have already j)oinled out (Part 1), an injury cannot modify 
ventricular deflections that arc written before the excitation wave reaches 
the injured tissue. The effect of the injury upon the intrinsic deflection 
varies with the grade of injury ])roduced. With increa.sing grades of 



Fif;. G. — Upper curve stanUarcl Ucacl I tliroushout. Ortlinal-e scale of lowei cu - • 
20 mv. per centimeter. Upper row; A, from I'iglit central region 
electrode; B, O, and I> are from a nearby point and show tlie effect of using a sna p 
electrode and gradually pressing it more firmly against the I'oart (E.yperiment 4 d;- 
Lower row: B, stab-electrode in left ventricular cavity (E.vpcriment po . 

of electrode thrust into subendocardial muscle of dorsal wall : G-, electrode u 
more deeply into dorsal waJl ; H, electrode thrust still more deeply into dorsal 

injury the sharp upward movement tliat constitutes this defiectiou be- 
comes smaller and smaller; when the injury is sufficiently severe, it fie- 
quently disappears. Tlie ES-T displacement also depends tipon the grade 
of the injury, and presumably becomes maximal Avhen the injury is 
sufficiently intense to block the excitation wave. A series of ciiiwes 
illustrating the effect of pressing a stab-electrode more and more firml} 
against the heart is shotvn in Fig. 6 (A, B, C, and B). These curves aie 
from the central region of the right ventricle. The first (Pig. 6 ■^) 
taken with a sponge-tipped electrode, the last three with a stab-electrode. 
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As the pressure upon the sharp electrode was increased, the intrinsic 
deflection became smaller and the RS-T displacement larger, and the in- 
crease in the latter was approximately equal to the decrease in the 
former (Fig. 6, B, C, and D). 

When the intrinsic deflection rises high above the baseline, the injury 
inflicted by the stab-electrode seldom if ever abolishes it. Except during 
periods when the electromotive force across the ventricular wall is 
changing, the potential of a point on the epicardial surface and that of 
the neighboring portion of the ventricular cavity must vary together and 
in a similar way. When the curve from the ventricular cavity is rising, 
a. ciuwe from the epicardial surface must also rise unless the eleeti’omotive 
force across the intervening ventricular wall is increasing. Very soon 
after the excitation wave arrives at the zone of injury produced by a 
.stab-electrode pressed against the epicardial surface, the electromotive 
force across the ventricular wall at this point must either diminish or 
become constant. If at that time the curve from the ventricular cavity 
is rising, the curve from the injured region must also rise. For this 
reason cun^es from an injured area on an epicardial region that nor- 
mally displays an early intrinsic deflection almost always show a promi- 
nent notch or an upward movement early in the QRS interval. 

We may look at this matter from another standpoint. As we have 
already pointed out, intrinsic deflections that rise above the baseline do 
so in response to electric forces originating in muscle distant from the 
region where they are recorded. An injury in this region cannot alter 
these forces. Nevertheless, if the injury is sufficient to block the excita- 
tion wave and does not involve the endocardial surface, so that the 
maximal electromotive force which the excitation wave is capable of pro- 
ducing is generated between the stab-electrode and the ventricular 
cavity, the upward movement produced by these distant forces should 
theoretically fail to carry the string beyond the zero level. Intrinsic 
deflections of the kind under consideration are, however, usually ob- 
tained in regions where the ventricular wall is thin, and it is possible 
that any injury sufficiently intense to block the excitation wave usually 
causes some depolarization of the cell membranes on the endocardial 
surface. This worfld tend to prevent the electromotive force across the 
ventricular wall from reaching its maximal value, and might malce it 
impossible for the injury either to prevent the intrinsic deflection from 
rising above the baseline or to produce maximal RS-T displacement. 
When all the muscle lying between the electrode and the endocardium 
is killed, the potential of the exploxing electrode is nearly the same as 
that of the ventricular cavity throughout the cardiac cycle.^ This situa- 
tion often arises in myocardial infarction, both in animals and in man. 

Curves of an interesting type are obtained when tlie stab-electrode is 
puslied through the ventricular cavity into the subendocardial muscle of 
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the posterior wall or of the septum. The first deflection of tb(!se cui-ves 
is a prominent summit (Fig. 6 F), which becomes smaller if tlie elec- 
trode is pushed more deeply into the muscle (Fig. 6 (? and H). Curves 
of the same kind are obtained if the electrode is thrust into the vea- 
tricular cavity and then -withdrami until its uninsulated point is he- 
neatli the endocardium. Tlie potential of the electrode naturally varies 
with that of the ventricular cavity until the neighboring endocardial 
surface becomes active. Even after this the liole made by the electrode 
communicates with the cavity, and apparently acts as a window which 
cannot be closed by the polarized zone, which, according to our hypoth- 
esis, represents muscle undergoing activation. Since the point of the 
electrode lies opposite this window, its potential tends to follow that of 
nearby points inside the ventricle. Wlien the electrode is pushed deeper, 
the window is farther from its point and therefore less effective. 

A pure monophasie response shovving no notches on its descending 
limb is rarely obtained from the mammalian heart except from epicardial 
regions where the curve obtained Avith a soft electrode is of the type that 
begins Arith a deep doAvniAvai-d movement and displays an intrinsic deflec- 
tion Avhich does not rise far above the zero level. From such regions, 
hoAvever, pure monophasie responses are obtained Avithout special diffi- 
culty (Fig. 5 jD). They often show a slight thickening on the descend- 
ing limb at the point where the intrinsic deflection formerly began. 
When the epicardial surface is injured by a stab-electrode at a point 
AA^here the intrinsic deflection occurs late in the QES interval, the excita- 
tion wave reaches the injured muscle at a time AAdien the negative 
potential of the A^entricular caAoty is rapidly diminishing. Since the 
electromotive force across the Amutricular Avail must then have reached 
its maximum value, it must be constant or decreasing. If it is constant 
or if it is decreasing less rapidly than the negative potential of the 
ventricular cavity, the curve obtained continues to descend and shows 
no upstroke at the point wliere the intrinsic deflection is due. 

SUMMARY 

When the exploring electrode is placed in the left Amutrieular cavity 
of the dog’s heart, the QRS group of the cuiwe obtained is represented 
by a single defleetion. The direction of this deflection is upward, indi- 
cating that the potential of this cavity is negative throughout the QKS 
interval. When this electrode is placed in the right ventricular carity, 
the curve obtained is similar but may show a small preliminary dip 
preceding the main upstroke. 

When the exploring electrode is placed on the epicardial surface, its 
potential is conspicuously different from that of the nearest portion of 
the ventricular cavity only during the period vAdieii the excitation wave 
is spreading outward through the subjacent Amntricular wall. Before 
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the endocardial surface becomes active and after the epieardial surface 
has been fully activated, there is no eleetromotive force across the ven- 
tricular waU, and a lead from the epieardial surface is, in effect, a lead 
from the ventricular eavitjL 

The occurrence in an epieardial lead of an upward deflection which 
precedes the main do-\vnstroke is therefore attributed to late activation 
of the endocardial surface. The main dounistroke is due to electrie forces 
produced by the progress of the excitatory process outward through 
that portion of the ventricular wall lying between the exploring electrode 
and the ventricular cavity. The intrinsie deflection marks the arrival 
of the excitation wave beneath the exploring electrode, and hence the 
extinction of the eleetromotive force across the subjacent ventricular 
wall. The sudden upstroke which constitutes this deflection occurs as 
this electrode assumes the potential of the ventricular cavity. 

The same principles maj’’ be applied to the interpretation of the curves 
obtained by placing the exploring eleetrode upon a portion of the ven- 
tricular surface of the dog’s heart that has been injured. Pure mono- 
phasic curves may be obtained by means of such leads if the region 
injured is one Avhere the intrinsie deflection occurs late and does not 
rise far aboA^e the zei’o leA^el. 
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FACTORS CONCERNED IN CARDIAC HYPERTROPHY 


A Study Made at Necropsy op Seventy-Nine Cases op Rheumatic 

Heart Disease^' 

Fredrick A. Wiuutus, jM.D., and Harry L. Smith, 
Rochester. ]\Iinn. 

T he problems of cardiac liypertropliy have been tlie basis of mi- 
inerous investigations as recorded in tlie older as -well as in the 
more recent medical literature. As early as 1877, Cohnlieim experimen- 
tally produced aortic insufficiency in dogs, in order to study the effect 
of this lesion on the lieai’t. His method, unfortunately, permitted 
only very short periods of observation, so that his experimental con- 
ditions ■were in no ivay comparable to the condition usually observed 
in man. A year later Rosenbaeh, a student of Cohnlieim. carried out 
experiments on rabbits, producing aortic insufficiency in some and 
mitral insufficiency in others, demonstrating the occurrence of cardiac 
dilatation and hypertrophy. His experiments covered a longer period, 
and the conditions produced were more comparable to the chronic 
lesions seen in man. 

jMiiller, ui 1883, demonstrated similar experimental results by com- 
paring the weight of the heart to that of the body. He also studied 
the auricular and ventricular weights differentially by separation, hnt 
his technic has been shown to be inaccurate in the light of more re- 
cent Avork.^" 

Tangl, in 1889, produced chronic aortic insufficiency experimentally 
Avhich resulted in cai’diae hypiertrophy, and concluded that the degree 
of hypertrophy depended on the time that the lesion Avhich caused 
regurgitation had existed, and on its degree, and also that an increase 
in size of the individual muscle fibers occurred. Numerous references, 
other than those mentioned, may be found in the literature. 

It is interesting and appi'opriate to reAueAV some of the hypotheses 
that liav^e been advanced regarding the causes of cardiac hypertrophy: 
(1) Since the early part of the nineteenth century,®’ ®’ increased ivork 
of the heart has been considered' predominantly as the most important 
influence in the production of cardiac hsTieiffrophy. (2) Possible in- 
crease in coronary blood Aoaa’^ as demanded by the increase in muscle 
mass has been suggested as a contributary influence.^®’ "■* (3) The 

existence of inflammatory lesions of the myocardium Avas consideied 
capable of producing cardiac hypei'trophy.^’ (4) An increase in in- 
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terstitial inj^ocarclial tissue was believed to be a factor."’ “ (5) Prolonga- 
tion of tbe midsystolic period and its consequent prolonged hyper- 
emia and increased local nutrition were advanced as a cause.^® (6) 
When the heart is subjected to overstrain, as occurs if a valvular 
lesion is present, the heart dilates, and in ordei’ to I’eestablish normal 
function, it must increase its force. The stimulus for this seems to lie 
in the residual blood in the ventricle, Avhicli acts as an inci'eased load 
and tends to increase both the irritability and the force of contrac- 
tion and to bring about an increase in tonicity.®’ (7) More recently, 
Herrmann has stressed the importance of considering not one influ- 
ence but a combination of influences in the production of cardiac 
hypertroph5^ 

The present study was undertaken to determine, if possible, the 
major factors and their relative impoidance in the development of 
cardiac hypertrophy in man. 


JIATERIAL 

The material rvMelv formed the basis for this study comprised seventy-nine cases 
of rheumatic heart disease in •which careful necropsy had been conducted. The 
cases were carefully selected, so that all the required data were available in every 
instance. The requirement for inclusion demanded an accurate record of the time of 
the initial illness with rheumatic fever, the patient’s age, sex, body weight, and 
height, with special data regarding the departure of each from his average normal 
weight during health; also were required the weight of the heart, accurate de- 
scription of the cardiac lesions, including associated pathological changes, the cause 
of death, and records of blood pressure. Patients who had hypertension or who 
presented e’vidence suggesting previous liypertension, were not included. 


METHOD OP STUDY 


The heart was removed from the body in the usual manner, opened and washed 
before weighing. 

In order to permit comparative analysis the cases were grouped according to 
type of vahmlar lesion. The valvular defect, whether it was stenotic or allowed 
regurgitation, or both, was graded numerically on the basis of 0 (no defect) to 4 
(extreme defect) for clearness and brevity. The predominant defect •was always 
considered first, presuming its greater influence on cardiac hypertrophy^. When the 
defect was limited to one valve and was of one type only, it was so considered; 
and when defects involved more than one valve, they were grouped as such. In the 
case of mitral endocarditis, the defects -svere uniformly of the stenotic type and of 
the type that allowed of regurgitation, the stenotic element universally predom- 
inating. 

NORMAIi CARDIAC WEIGHTS 


In a study predominantly dealing with cardiac weights it is necessary clearly 
to expound the normal values utilized. The figures for normal cardiac weights are 
those established by one of us (Smith) in 1928, in a carefully conducted study of 
1,000 normal hearts. These figures showed that tlie average weight of the heart of 
the adult males was 294 gm. (ICo to 320 gm.), and that the average weight of the 
heart of adult females was 250 gm. (135 to 325 gm.). The data obtained in the 
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study made in 1928 demonstrated a definite correlation between the weight of the 
lieart and the weight of the body, the ratios in adults of average weight were 0.43 
per cent for males and 0.40 per cent for females. Among thin persons the ratio is 
slightly higher, whereas among obese persons it is slightly lower. These variations 
in individual habitus are important, and must always be considered in the computa- 
tion of cardiac weights. 

The same former studyao also showed that the weight of the heart can he calcu- 
lated from the weight of the body, with an error varying from 8 to 10 per cent, 
The weight of the body in pounds is multiplied by the coefficient 1.9 for males of 
average weight, bj' l.S for females of average weight, b.v 1.6 for obese males, by 1.5 
for obese females and by 2.1 for thin persons. These coefficients have been em- 
ployed in this study. 

It was also shown^o that the weight of the heart does not increase with age, 
irrespective of the weight of the body. Previous data emphasizing this relationship 
are fallacious, probablj' because of the inclusion of hearts of elderly subjects who 
had had hypertension. 

RESULTS. 

In this material there were forty-two males and thirty-seven females. 
The average age of the patients was forty and eight-tenths years, the 
youngest patient was aged eleven j-ears, and the oldest patient was 
aged sixty-nine years. Nine children are included in this material, 
and it must be emphasized here that the standards of cardiac weight 
of children are uncertain, and that the computations in this study 
with reference to children are probably* associated with a greater error 
tha.n those pertaining to adults. 


Table I 

Cardiac Hypertrophy Grouped According to Vaiatjlar Defects 


(Seventy-Hine Cases) 
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Aortic insufficiency 


7 

3 

40.9 

17.6 

23.3 
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47 

76.3* 

172* 

Multiple valvular 


12 

8 

38.7 

18.5 

20.2 
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281 

50 

65.2* 

169* 

lesions 

Mitral stenosis and 

35 

13 

22 

39.8 

17.9 

21.9 

469 

222 

46 

62.4* 

165* 

0.76* 
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77 
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‘Children excluded In computations. 
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In order to permit comparative studj^ the eases were grouped as is 
shown in Table I. Our first analysis concerns the average values de- 
rived in the subdivision of the cases into the foregoing groups. 

The greatest cardiac weight occurred in the cases in the first group 
(aortic stenosis) in which the average weight was 686 gm. In order 
of cardiac weight, the other groups presented the following average 
values: aortic insufficiency, 574 gm. ; multiple valvular lesions, 524 
gm. ; mitral stenosis and insufficiency, 469 gm, ; and pure mitral in- 
sufficiency, 314 gm. The heart-weight hody-weight ratios were in- 
creased 25 to 131 per cent over normal (male and female average nor- 
mal 0.415 per cent) (Table I). 

No definite correlation was evident between cardiac weight on the 
one hand and, on the other, the interval from the first attack of rheu- 
matic fever to death. However, the longest interval appeared in the 
cases of aortic stenosis in which occurred the greatest average age at 
death. The intervals in the other groups were so closely approximated 
as to be insignificant. 

This order of cardiac weights conforms with clinical impressions, 
and is in agreement with Cabot's figures, which included 1,230 post- 
mortem examinations. 

Aortic Stenosis . — There were nine cases of aortic stenosis in which all 
the requirements for inclusion in this study were present. Eight of the 
patients were males and one was a female. The average age was 
forty-eight and six-tenths years; the youngest patient was thirty-one 
years of age, and the oldest sixty-six years. Death occurred from 
heart failure in six cases; in all but one case, that of sudden death, 
the syndrome of congestive heart failure was present. Death occurred 
as the result of acute bacterial endocarditis (B. injinenzae) in one case, 
from pyelonephidtis in one, and from pneumonia in another. 

It is necessary to emphasize the fact that studies of weight in the 
presence of congestive heart failure include a variable error, differing 
considerably with the individual patient and depending on the amount 
of edema fluid retained. This variable, which obviously cannot be deter- 
mined, may materially influence the weight of the body. Congestive 
heart failure occurred in 58 per cent of the entire series of seventy- 
nine eases. 

The data in Table II are arranged according to the degree of aoiTic 
stenosis (Grade 0 to 4) ; Grade 4 indicates almost complete closure of 
the aortic orifice, whereas Grade 1 denotes slight but actual narrowing 
in the diameter of the orifice. A definite correlation between the de- 
gree of stenosis and the average cardiac weights is evident. The cor- 
relation between the average cardiac weights, on the one hand, and, 
on the other, the average intervals from the first attack of rheumatic 
fever to death is suggestive but not definite. Only one attack of rheu- 
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matic fever occurred among the patients of this group. The other 
data pertaining to body habitus, individual cardiac weights and so 
forth, are expressed in Table II. 

Takle II 


Cardiac Hypertrophy in Presence or Aortic Stenosis (Nine Cases) 
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Holman and Beck produced experimental aortic stenosis in dogs b.i 
constricting the aorta with tape. Three such experiments are re- 
ported, but unfortunately the terminal cardiac weight of only one ani- 
mal is mentioned. The dog weighed 20 kg . ; and after the lapse of six 
months the heart Aveighed 165 gm. and the heart-Aveight bocly-Aveight 
ratio Avas 1.21 per cent. The normal ratio for dogs is recorded as 0.(2 
per cent by Joseph and 0.798 per cent by Herrmann, an aA’^erage of 
0.76 iier cent. This represents an increase in 37 per cent oA'er the nor- 
mal aA’erage heart-Aveight body-Aveight ratio. Tlie aorta Aims con- 
stricled to half its normal diameter. 
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Eyster, j\Ieek and Hodges iirodnced experimental aortic stenosis in 
nineteen dogs, and studied tlie size of the heart by serial roentgeno- 
graphic silhouettes, but failed to record terminal cardiac weights. 
The average increase in silhouette for the entire series was 10.5 per 
cent of the original area. The initial increase in shadow is interpreted 
by these workers to indicate dilatation from which the heart may en- 
tirely or partially recover, whereas subsequent enlargeme.nt, develop- 
ing slowly, probably indicates hypertrophy. 

Aoriic Insufficiency . — This group comprised ten cases in which seven 
were males and three females. The average age was forty and nine- 
tenths years, seven and seven-tenths years less than that of patients 

Table III 


Cardiac Hypertrophy ix Presexce oe Aortic Ixsufpiciency (Ten Cases) 
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with aortic stenosis. Tlie youngest patient was twelve yeai-s of a"e 
aaid the oldest was sixty-seven years of age. Five patients died of 
conge.stive heart failure, one patient died of subacute bacterial endo- 
carditis (Sfrejjiococcus viridans) j whereas the remainder of the patients 
died fi’om diseases unrelated to the heart (Table III). 

Two patients were obese and one Avas emaciated, which facts were 
considered in the calculation of the increased weight of the heart over 
the normal for the given joerson. 

The data in Table III are arranged according to the degree of aortic 
insufficiency (Grade 0 to 4). Again, a clear-cut correlation between 
the degree of lesion and the av'erage weight of the hearts occurred. 
No correlation appeared between Aveights of the hearts, on the one 
hand, and, on the other, the indiAudual and average interA^als from the 
first episode of rheumatic fcA’er to death. Only one attack of rheu- 
matic fever occurred among the.se patients. Detailed data dealing 
Avith cardiac Aveight and body habitus may be noted in Table III. 

"We AA'isli to call attention to Case 8 (Table III) of this group. The 
iratient Avas a boy, aged thirteen years, avIio died of congestive heart 
failure one year folloAving his llr.st attack of rheumatic fever. The 
heart Aveighed 57 pev cent more than the calculated normal cardiac 
Aveight for this boy’s habitus. This case and three similar case.? of 
patients avIio survived for a .short time folloAving rheumatic fever AAfith 
marked cardiac hypertrophy are reiAorted in the succeeding groups 
and Avill be considered more fully later in this paper. 

It is of interest to compai’e these data to similar data dealing Avith 
experimental aortic insufficiency of dogs. Bazett and Sands, in their 
experiments on dogs, demonstrated cardiac hypertrophy, particularly 
of the left A'entricle. They reported the results of nine experiments, 
the dogs suiwiAung from tAVO days to teji months. The heart-AAmight 
bodjMveight ratios of six dogs Avere definitely greater than the stated 
normal Amhres.”’ They ranged from 0.81 to 0.91 per cent; the aver- 
age AAms 0.87 per cent. This is greater than the average (0.82 per cent) 
found in our eases. The terminal Aveights of the dogs’ hearts ranged 
from 91 to 177 gm. 

The experimental data on aortic insufficiencj^ Avere also brought out 
in studies by Eyster, Meek and Hodges. 

Multiple Valvular Lesions. — TAA'enty patients had multiple Amlvulai 
lesions, and the details regarding the type of lesion and the Amhms in- 
AmNed may be noted in Table IV. There Avere tAveh^e males and eight 
females. The axerage age of the group aa^s thii*ty-eight and seven- 
tenths years; the 3^oungest patient Avas aged eleAmn j^ears, and the 
oldest sixty-nine j^ears. TAvehm patients died of congestiAm heart fail- 
ure, three of subacute baetei'ial endocarditis (Streptococcus viridans), 
one of coronary embolism, and the remainder from causes unrelated to 
the heart. 
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As in the previous groups, a definite correlation between the degree 
of lesion and the average cardiac weight occurred. Because the lesions 
were multiple and varied in this group, the predominant defect is con- 
sidered primarily. A correlation between the average Aveights of the 
hearts, on the one hand, and, on the other, the interval from the first 
attack of rheumatic feAmr to death in these eases Avas eAudent. Hoav- 
ever, in vicAV of the findings in the other groups, this relationship may 
be casual. Tavo patients Avere emaciated and one Avas obese, and the 
proper coefficients U’^ere utilized in the computations of cardiac Aveight. 

It is interesting that multiple lesions apparently do not exert as 
great a mechanical effect as certain isolated lesions. 

Mitral Stenosis and Insufficiency —Tin?, group included thirty-five pa- 
tients. There Avere thirteen males and tAventy-tAvo females. The average 
age for the group Avas thirty-nine and eiglit-tenths years ; the young- 
est patient Avas aged eleven years, and the oldest sixty-five years. 
Tiventy- three patients had died of congestive heart failure, five of 
subacute bacterial endocarditis (Streptococcus viridans), and the re- 
mainder from causes unrelated to the heart. 

A correlation betAveen the scA’-erity of the lesion and the average 
cardiac Aveights is again evident if the ease in Avhich the lesion Avas 
graded 4 is excluded. As this grade is represented by only one case, 
it is reasonable to presume that a greater number of cases Avould bring 
the average cardiac Aveight aboA'c that in Grade 3. The stenotic ele- 
ment predominated over that of insufficiency in all cases, and there- 
fore formed the basis for grading. 

Five patients in this group Avere the only persons in the entire series 
to suffer more than one attack of rheumatic fever. Four patients had 
tAvo attacks; one patient had six attacks. One jiatient Avas obese, and 
proper recognition of this fact Avas made in our computations (Table V). 

Mitral Insufficiency. — There Avere only five cases (6 per cent) of pure 
mitral insufficiency. It is a recognized fact that pure mitral insuffi- 
ciency AAuthout stenosis is rare, and Ave believe that our eases thus 
tabulated are bona fide examples of this lesion. In these cases there 
Avere tAvo males and three females. The average age Avas forty-tAVo 
and four-tenths years ; the youngest patient Avas aged thirteen years, 
and the oldest sixty-one years. It is interesting and significant to 
note that only one patient died of heart disease (Table VI). 

A correlation betAveen the degree of lesion and the average Aveight 
of tlie heart likcAvise appears to prevail in this small group of cases. 
Vo correlation betAveen the cardiac Aveight, on tlie one hand, and, on 
the other, the interval from the first attack of rheumatic fever to 
death is evident in the individual cases, although the averages appear 
to shoAv a trend. 



Table IV 

Cardiac Hypertrophy in Presence op Multiple Valvular Lesions (Twenty Cases) 
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COM^ilENT 

In a recent investigation, Levine and Carv divided and weighed a 
series of hearts of Iranian beings according to the experimental method 
of Herrmann.^® Fractional weights ivere determined in fifteen cases 
of I’heumatic lieart disease, including five eases of mitral stenosis and 
insufficiency, three eases of aortic stenosis and insufficiency, five cases 
of mitral and aortic stenosis and insufficiency, one case of mitral, 
aortic, and tricuspid stenosis and insuffieiene3% and one case of throm- 
bo-endocarditis of the mitral valve. The conclusions pertinent to this 
study are that in rheumatic defects of the mitral valve alone the in- 
crease ill cardiac weight is the result of an increase in the weight of 
the right ventricle and the auricles. In large hearts associated with 
aortic insufficiency^ rheumatic or sy^philitic, hypertrophy of the whole 
heart occurs, but the greate.st increase is in the left ventricle. Levine 
and Carr expressed the belief that mechanical factors are not entirely^ 
responsible for the production of cardiac hy'pertrophy^ 

We shall attempt to appl.v the analysis of our data to the various 
liy'^potheses advanced regarding the production of cardiac hypertrophy^ 
The hy'pothesis that increased cardiac work causes hyiiertrophy* 
finds unmistakable confirmation in this studyg as almost without ex- 
ception the average weight of the hearts paralleled the degree of 
valvular deformity'. The work demanded of the heart appears to be 
primarily’- concerned with the. magnitude of the meeha.nical barrier. 
In considering increased work, however, the interval of time during 
wliicli the heart is subjected to increased work cannot be disregarded ; 
and although it undoubtedly^ play’s an important part in many’- cases, 
the mechanical factor may’ exert its influence overwhelmiiigly, so that 
the time element apparently’ becomes submerged. 

Our study’ does not deal with the coronary’ circulation, so that we 
do not have data regarding coronary’ blood flo-\Y and cardiac hy’per- 
trophy'. We know of no proof to the effect that an increase in miiscle 
mass provokes an increase in coronary blood flow, thus furthering 
cardiac hy'pertrophy’. In fact, the opposite conclusion is not improb- 
able, that in greatly’ hy’pertrophied hearts the normal coronary’ circu- 
lation becomes relatively’ insufficient, since its work may’ be doubled 
or CA'en trebled, as the case may’ be. 

The question of the relationship of inflammatory le,sio.ns of the 
myocardium to cardiac hy’pertroifliy’ is one of considerable interest. 
In this connection it is important to consider the eases of the four 
children briefly mentioned earlier in this paper ayIho survived for short 
periods following their first rheumatic infection. 

REPOET OF CASES 

, 1-— (Case S, Tabic HI.) A boy, aged tliirteeii years, died of congestive 

beart failure one year folloiving liis first attack of rheumatic fever. Oniy a slight 
<ipgree of aortic insufiiciency (Grade 1) u-as found at necropsy, but the heart weighed 
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340 gm , ail iiicroase of 105 gin. (57 per cent) over the calciiliited normal. Neither 
the degree of the mechanical lesion nor the duration of the lesion seemed capable 
of producing cardiac hypertrophv of this magnitude. This boy had had only one 
attack of rheumatic fever. 

Case 2.- — (Case G, Table lY.) A girl, aged thirteen years, died of congestive 
heart failure one and a half years following the first episode of rheumatic fever. 
Multipilc lesions were iiresent; namely, aortic insufliciency Grade 3, and mitral stenosis 
Grade 1. Jlarked hypertrophy was found, the heart weighing 595 gm., an increase 
of 472 gm. (79 per cent) over the calculated normal. 

Case 3. — (Case 4, Table YI.) A girl, aged thirteen years, survived only four 
months after the initial and only attack of rheumatic fever and died of congestive 
heart failure. The only valvular defect demonstrable was mitral insufficiency Grade 
2 ; yet the heart weighed 295 gm., an increase of 151 gm. (51 per cent) over the 
calculated normal. 

Case 4. — (Case 20, Table lY.) A girl, aged eleven years, was of unusual interest 
owing to the extremely brief survival period. She died one month after the onset of 



A. B. 

Fig. 1. — A, Section of normal heart muscle; B, section of heart muscle in Case 3 (Case 
4, Table YI), marked vacuolar degeneration. 


chorea. The valvular lesions demonstrated after death consisted of aortic and 
mitral insufficiency Grade 2, The heart weighed 220 gm., an increase of 94 gm. (43 
per cent) over the calculated normal. 

One of ns repeatedly observed these children, and we are certain 
that no preexisting cardiac lesion was responsible for the cardiac 
h^rpertrophy. The cardiac injury without question occurred with the 
infections as stated. 

Careful microscopic studj' of numerous sections of heart muscle of 
these four subjects revealed unusually marked evidences of myocarditis 
(Figs. 1, 2 and 3). There were extensive areas of cellular infiltration, 
the cells consisting chiefly of polymorphonuclear leucocytes and small 
lymphocytes, and certain areas revealed numerous erythrocytes. Con- 
siderable fibrin was deposited in these regions. Considerable swelling 
. of the muscle fibers Avas apparent, and their striations Avere indistinct. 
There Avere numerous collections of cells scattered throughout the 
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myocardium resembling Aseliofi! cells. The ebanges described were 
most prominent in Cases 1 and 2, althougli they Avere Avell marked in 
the other two eases. 

It appears that the marked myocarditis of these children was the 
chief factor contributing to the production of the cardiac hypertrophy, 
in view of the fact that the degree of endocarditis present and its 
resulting A’^alvnlar deformity ivere considerably less than that occur- 
ring in the majority of cases. Stewart’s experimental Avork indicated 
a relationship betAveen myocarditis and cardiac hypertrophy. He pro- 
duced extensive myocarditis in rabbits by intravenous injection of 
epinephrine, and found ensuing hypertrophy of considerable degree. 
The exact manner in Avhich myocarditis produces hypertrophy is not 
clearly understood, but it is not improbable that it may represent a 



compensatory effort on the part of regions of normal or relatively 
normal muscle. These findings strongly suggest that in some cases of 
severe infection the myocardium responds to the injurj' of hypertrophy. 

Our investigation resulted in no data concerning the influence of 
increase in the midsystolic period on cardiac hypertrophy, nor on the 
influence of residual blood in the A’^entricle. 

We concur Avith Herrmann in his belief that a combination of in- 
fluences participates in the production of cardiac hypertrophy. 

COKCLUSIONS 

1. The greatest average cardiac AA*eight occurred in cases of aortic 
stenosis. In order of cardiac weight other lesions occurred in the 
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following sequence: aortic insnffieienc}", multiple A'alvular lesions 
mitral stenosis and insutficiency, and pure mitral insiilificieucy. 

2. There was an outstanding correlation between the degree of tlie 
lesion and the a Average Aveiglit of the heart,. 

3. There Avas a suggestiAm correlation, cA’idenced only in some 
groups, betAAmen the average Aveight of the heart, on the one hand, 
and, on the other, the interA'al elapsing from the initial attack of 
rheumatic fcA'er to death. 

4. The condition of four children, Avho liA'ed only for a very short 
time folloAving their first illness AAdtli rheumatic fever, and chorea in 
one case, and three of Aidiom had rather slight A^ahmlar defects, 
stro.ngl.y suggests that myocardial injury by infection or its toxins in 
some instances permits the heard to respond by hypertrophjL 

5. Although increased cardiac Avork imposed by the A’alvular defect 
or defects appears to be the outstanding influence in the production of 
cardiac hypertrophy in rheumatic heart disease, other factors appear 
to exert a definite but less important influence. Among them is the 
length of time that the heart is subjected to the lesion and actna! 
myocardial injury in a certain group of cases. 
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THE PULMONARY AND PLEURAL COMPLICATIONS 
OP AORTIC ANEURYSjM- 


Chester S. Keeper, j\I.D., and G. Kehketh jHaelort, ]\LD. 

Bostoh, Mass. 

O NE of the ways in wliieli an anenvysm of the aorta may masquerade 
is in the form of a chronic pulmonary or pleural infection. This 
is especially true of aneurysms of the descending part of the arch of 
the aorta and is commonly the result of compression of the trachea or 
bronchi with its complications. Other causes are obstruction of the 
pulmonary veins, direct invasion of the lung, hemorrhage into the 
pleural cavity, hro,nehoesophageal fistula, or an intercurrent tuber- 
culosis of the pleura or lungs. 

In vieAv of the fact that these pleural and pulmonary complications 
may completely dominate the clinical picture, we have reviewed and 
analyzed the clinical and pathological features of 22 cases of anexu-ysm 
of the aorta in which the main symptoms and signs were referable to 
the lungs or pleura. ^Ye present here the results of this study. The 
cases are briefly summarized in Tables I and II. 


COMMENT 


General Feaiiires . — Of tlie 22 cases summarized in Table I, only 2 
occurred in women. The patients’ ages varied from twenty-eight to 
seventy-one years, the majority being between thirty and sixty years 
old. The symptoms referable to the chest varied in accordance with 
the position of the aneurysm and the mechanical embarrassment pro- 
duced by the mass. Thus, pain, cough and expectoration, dyspnea 
and hemoptysis were the common symiDtoms. Data concerning the 
character of the lesions together with the type of complications pro- 
duced in the liuigs and bronchi are summarized in Table II. Com- 
pression of the trachea or of the bronchi, more often the left, were 
the commonest complications; and bronchopneumonia, lung abscesses, 
and broiiehieetasis were the most frequent results of these lesions. 
The signs, therefore, depended upon the type of complication, and are 
discussed in more detail below. Once infection was present, fever and 
leueocj-tosis were the rule, the temperature was irregular, varying 
between 100° and 105° P. ; the white blood cells between 6,800 and 
psi' cubic millimeter. The duration of the pulmonary symp- 
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toms and signs varied from ten days to as long- as three years ; in most 
cases, hoAvever, from a few weeks to a fe-w months. 

From the eases summarized in Table I, and others reported in the 
literature, it is evident that a Amriety of pulmonary and pleural 
lesions may result indirectly from an aneurysm of the aorta. Indeed, 
as AA'^e have stated, these complications may be so prominent that they 
completely dominate the clinical picture. Of the 4,000 cases of aortic 
aneurysm collected by Boyd^^ the incorrect diagnoses that had been 
made in 130 Avere summarized. In about half of these cases the diag- 
nosis Avas some form of pulmonary or pleural infection. Among the 
conditions mentioned Avere tuberculosis, asthma, chronic bronchitis, 
pleural effusion, pleural empjmma, pericarditis, pleurisy, and abscess 
of the lung. As a matter of fact, in the eases observed by us all of 
these conditions occurred and, in addition, hemothorax, bronchiectasis, 
atelectasis, and rupture of the aneuiysm into the lung. The diagnosis 
of aneuiysm ma.y be difficult in the presence of one of the above men- 
tioned complications, but should be entertained in any case of obscure 
pulmonary or pleural infection. These various complications Avill be 
discussed in some detail. 

Tracheal Comijression . — This usually results from pressure on the 
trachea by an aneuiysm of the innominate artery or of the transverse 
arch of the aorta. Of the cases recorded in Table I there Avere five 
cases of aneurysm of the transverse arch and tivo cases of aneurysm 
of the innominate .artery causing tracheal compression. The symp- 
toms and signs Avere cough, dj’-simea, stridor, chronic tracheobronchitis, 
Avith signs of emphysema and bilateral bronchopneumonia. One may 
observe: (1) attacks of acute bronchitis Avith bronchopneumonia and 
temporaiy recoA^ery; (2) chronic bronchitis folloAved by bronchopneu- 
monia and death; (3) chronic bronchitis Avith recurrent bouts of feA'^er, 
gradual failure, bronchiectasis, and death; (4) gradual suffocation 
due to retention of tracheal and bronchial secretions; (5) rupture of 
aneuiysm into the trachea. An aneurysm in this location is not dif- 
ficult to detect clinically and should give rise to no diagnostic diffi- 
culties. Case 4 illustrates the course of CA'^ents Avhen the trachea is 
compressed. 

It Avas of considerable interest that tracheal compression AA'as ac- 
companied by bilateral anatomical lesions and physical signs, such as 
emphysema, chronic bronchitis, and bronchopneumonia. This Avas in 
striking contrast to the cases in AAdiieh a main bronchus Avas com- 
pressed. The folloAving case illustrates the course of CA^ents Avhen 
the trachea Aims compressed : 

Case 4 . — A man with an aneurysm of innominate artery has symptoms and signs 
of tracheal compression %vith hilateral hronchopneimmiia. Death due to rupture into 
trachea. 
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Taiii.f, 

SUM-MAUY OF' T\VF.\TY-0-N'E CaSES Or' AOUTIC AxeEUYSM 


CASE 

KO. 

AGE 

SEX 

SY'MPTOMS 

SIGNS 

DUKATlON OE 
PUEMONAUY .SIGNS 

Tnicliidt 

1 

00 

$ 

Cough — G mo. 

Dj’spnea — G mo. 

Aortic insufficiency. Com- 
pression of right main 
bronehus. T r a c li e a 1 
compression. Bilateral 
bronchopneumonia. 

G months. 

O 

37 

S 

Cough — 3 yr. 
Exjjeetoration — 1 mo. 

Tracheal compression. 
Hales both lungs Avith 
bronchopneumonia. 

3 years. Acute — 1 

month. 

3 

49 

S 

Cougli and expectora- 
tion — 9 wk. 

Dyspnea — 3 wk. 

Tracheal comjiression. 
Bilateral bronchitis. 

C-9 Aveeks. 

4 

57 

$ 

Cough — 3 wk. 
Expectoration — 2 wk. 
Dyspnea — 5 Avk. 

Tracheal obstruction. Bi- 
lateral bronchopneu- 
monia. 

0 Aveeks. 

i) 

GO 

S 

Cough — 4 mo. 
Expectoration. 

Emphysema and chronic 
bronchitis. Aneurysm 
of trausA-erse arch. 

4 ^veeks wlieii lir.st 
seen. 

0 


Pain in l)ack. Shortness 
of breath. 

Bilateral broiieliopnou- 
moniu. 

Pain in left shoulder 
and back of neck, 
shortness of breath 
— 11 mo. C’.oking 
in throat, dysphagia 
— 2 wk. Cough — 10 
days. lleinoiitysis 
■- — 4 days. Puru- 
lent bronchitis. 

7 

39 

5 

Difficulty in breathing. 
Cough. 

Tracheal obstruction. 
Eight radicle less than 
left. W. R.+ Bilateral 
bronchopneumonia. 

Neck seems distended. 

2 months. Uifliculty 
in breathing. 

JJroiidiiitl 

S 

42 

S 

Pain— 2 mo. 

Dyspnea — 7 mo. 

Cough and expectoration 
— 9 mo. 

Loss of weiglit — G mo. 
Dysphagia — 3 mo. 

Solidification of right 
upper lobe. Broncho- 
pneumonia right lung. 
Pulsus differans. 

9 months. 

9 

Go 

$ 

Cough, expectoration, 
lo.“s of weight. 

Limited expansion. Dull- 
ness left ti]). Bales 
faint left axilla. 

Weakness, cough— 8 
Avk. duration, iluco- 
purulent sputum. 

10 

38 

$ 

Cough and expectoration 
—3 wk. 

Pain in chest — 5 day.s. 

Aortic insufficiency. 
Bronchial obstruction 
left s i d e. Broncho- 
jmeumonia left loAA’cr 
lobe. 

3 AA’eeks. 
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I 


tVrrii Pulmonary 

and Pleur.al 

Complications 


TEMPER'^TDRE 

AVHITE 

BLOOD 

CELLS 

thousands 
PER C.MAI. 

PATHOLOGICAL CHANGES 

REMARKS 

Compression 

n7°-103'’ 

14.0 

Aneurysm compressing right 
hronthus and trachea. Acute 
bronchitis and bronchopneu- 
monia. Fibrin opurulent 

pericarditis. 


101°-103° 

16.0 

Autopsj' not done. 

Purulent sputum. 

97° -99.5° 

10.3 

Aneurysm compressing a n d 
eroding the trachea. 


100°-102° 

14.5 

Aneurysm of innominate ar'ery. 
Tracheal compression. 
Chronic bronchitis. Rupture 
in'-o irachea. 


9S°-I01° 

34.5 

Recovered. 

' 

98°-102° 

6.1 

Aneurysm or transverse aortic 
arch. Purulent bronchitis. 
Compression of trachea with 
opening. 


99°-101.5° 

15.5 

Aneurysm of innominate with 
obliteration of right sub- 
clavian artery. Erosion of 
trachea with compression. 
Bronchopneumonia — both 
lower lobes. 


Compression 

yip-ioi- 

6.0-18.0 

Compression of right bronchus. 
Abscess and bronchiectasis 
of right lung. Narrowing of 
orifice of innominate artery. 

Patient had been ad- 
mitted to sanatorium 
for tuberculosis. 50 to 
100 c.c. sputum daily. 


12.2 

Aneurysm with pressure erosion 
of spine and left main 

1j rone h u s. Bronchopneu- 
m 0 n i a. Slight bilateral 
hydrothorax. 


»’*' -102° 

9.0-11.3 

Hydrothorax, right-sided. Com- 
pression of left bronchus. 
Bronchopneumonia left lung. 

Patient had a similar at- 
tack of pulmonary dis- 
ease one year before 


death. 
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Table 


CASE 

NO. 

AGE 

SEX 

STJtPTOJIS 

SIGNS 

dukation of 

PULMONARY SIGNS 

11 

56 

$ 

Cough — 1 mo. 

Cough and expectoration 
—3 wk. 

Fever — 5 days. 

Dyspnea. 

Compression left main 
bronchus. 

1 month. 

12 

40 

oo 

Dyspnea, cough and pain 
in chest. 

Signs of fluid at loft 
base. Coughed up 
blood and died. 

10 weeks. 


13 

30 

$ 

Pain — 2 yr. 

Stridor. Bronchial com- 
pression left bronchus. 
Bronchopneumonia left 
lung. 

2 weeks — recovery. 

• 14 

45 

$ 

Dyspnea — 2 yr. 

Cough and expectoration 
— 6 mo. 

Loss of weight. Pain. 

Pneumonia loft lower 
lobe. Compression of 
left upper lobe. 

C months. 

15 

71 

$ 

Pain — 5 yr. 

Dyspnea — 2 yr. 

Compression of left main 
bronchus. 

2 years. 


Invaxuni of 

16 

38 

S 

Pain in right chest — 10 
days. 

Signs of right pleural 
effusion. 

7 weeks. 

17 

58 

Pain in chest — 2 yr. 

Dullness over left upper 

5 days. 


$ 

duration. 

lobe. 


18 

65 

Pain — 1 yr. Eepeated 

Dullness and rales over 

9 months. 


s 

hemoptyses — 9 mo. 

left upper lobe. 



Tvhcr 


19 

52 

3 

Pain. Dyspnea. 

Pleural effusion left side. 
Pulsus differans. 

6 months. 


20 

45 

Pain in chest and back. 

Signs of tbc. of right 

4 weeks. 

Aneurysm 


S 

Cough — 4 wk. The. 
right upper lobe. 

upper lobe. 

ruptured 

lung. 

into right 


21 51 Weakness, dyspnea and Bilateral bronclio- 

5 swelling of legs — 3 wk. pneumonia. 

Broncliitis — 4 yr. 


Signs of bronchopneu- 
monia with failure 
— 3 weeks. 
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I— COKT-D 


temperature 

■WHITE 

BLOOD 

CELLS 
THOUSANDS 
PER C.MM. 

PATHOLOGICAL CHANGES 

remarks 

99°-101° 

14.8 

Aneurysm compressing trachea, 
left bronchus, left lung. 

Organizing pneumonia 

left lower lobe. Had 
acute attack one month 
before. 


10 6 Aneurysm of descending aorta. 

Rupture into left bronchus. 
Atelectasis of left lung -with 
pleural effusion left. Em- 
plij’sema right lung. Right 
cavity obliterated by fibrous 
adhesions. 


102°-105° 

10.2 


Recovered from an acute 
attack of pneumonia. 
Wassermann reaction 
negative. X-ray signs 
of aneurysm. 

]00°-104° 

18.0-27.0 

Aneurysm of descending arch. 
Compression of left main 
bronchus. Bronchiectasis of 
left lower lobe. Compression 
of left upper lobe. 

Mass did not pulsate on 
fluoroscopic examina- 
tion. 

98°-99° 

G.O 

Aneurysm of arch of aorta com- 
pressing left main bronchus. 
Atelectasis of left lower lobe. 
Rupture into bronchus. 


Pleura or Lung 

99°-101° 

28.2 

Aneurysm of descending aorta. 
Rupture into right pleural 
and pericardial cavity. 


99°-101° 

10.0-21.0 

Aneurysm of descending arch 
of aorta. Rupture into left 
lung and pleural cavity. 


98.6°-100° 

6.0 

Aneurysm invading left lung. 
Rupture into lung. 

Anemia developed from 
loss of blood. Hgb. 50 
per cent. 

culonis 

99°-103° 

6.0 

Tuberculosis of pleura resulting 
from Pott’s disease. Aneu- 
rysm of descending arch of 
aorta. 


101° 

Not given 

Rupture of sacular aneurysm of 
the transverse arch of aorta 
with extension post into 
bodies of the vertebrae and 
left lung. Pulmonary tbc. 


99°-101° 

12.95 

Aneurysm of transverse arch of 
aorta. General pulmonary 
tbc. with cavitation. 

Diffuse tbc. No clinical 
signs of aneurysm. 
Cardiac insufficiency. 


98.0° 



2.14 


T/IH AJIKIflCAX. lIKAIfT .lOUIiXAf. 


A iiiaiij fifiy-sc'vcn years ol' aj'e, complained of eoufili and inaliility to lireatlic 
comfortably of five weeks’ duration. Three weeks before entc'riiif; the hospital ho 
bewail to have frequent attacks of con{;hin" with ])rofiise exjK'ctoration. trhortnoss 
of breath persisted, and there was some dull aching pain Inmeath the sternum. Upon 
examination he was dyspneic, with stridor .and signs of einiihysema witli diffuse fine 
rales over l>oth lungs. The bieath sounds were distant and somewhat obsi'ured l)y 
the r.ales. The cough was “br.as.sy.” There was definite pulsation in the eiiisternal 
notch and in the infr.a- and supr.aclavicular fossae. 'I'here w.as a definite tracheal 
lug, and the right radi.al pnlse was of larger volume than the left. The while blood 
count w.as 14,000 per cubic millimeter and there w.as no fever. Following a bout 
of coughing he spat up a large (piantity of blood and rapidly died. 'I'he clinical 
diagnoses were: :ineurysni of the innominate :irtery, compression of the tr.ache.a. 
tracheobronchitis, rupture of aneurysm into trachea. This was conlirmed by 
necropsy. 

This eoso ilhislnitos tluit tfjichi'til cotiiprossioii iiuiy rosiill from an 
anenry.sin of llio innoniinalo jirU'ry. Coinprossion of tho Irtifhcii is 
more common, of course, from an a.nenrysm of llie transverse tireli 
of tlie aorta. 

TAia.i: 11 

SrM.MAitY or Pet.MoxAKY ANT) Pi.r.ruAi, C'oMPi.ieATioNs IN Twt.ntv-Onk Casks 

or .Ankokysm or the Aoi:ta 


ANATOM ICAI, I.EStONS 


Tmcliral Comprcsf^ioii 

Bilateral bronchitis 

Bilateral bronc,hoi)neumoni.a 

BronchUil Comiirrssion 

Left Main Brnnehns 

Bronchiectasis left lower lobe 1- 

Bronchopneiunonia left lung .T 

Hydro! borax 2 

Organizing pneuiiKuna left lower lobe 1 

Collapse of left lower lobe 2 

Jtifiht Main Bronclivs 

Abscess and bronchiectasis of right iipper lobe 1 

Direct Invasion of Luna or Bnpture Into rienra 

Bupturc into pleura 

Direct invasion of lung 

Piilmonari/ and BtrnraJ Tnherculosis 


Nr-MiiKK or 

T’ASES 


4 

3 



i 


1 



Bronclual Comprcssioti . — There were eight cases (S-lo) in wliich one 
of the main bronchi wtis com])re.sse(l. In seven tlie left bronchus was 
involved, and in the other the right bronchus. In most cases of 
bronchial compression the aneurysm arises from the descendbig arch 
of the aorta. This was not difficult to understatid when one appre- 
ciates that one of the commonc.st sites for aneurysms to occur is at 
the iDoiut where the aorta passes over and above tbe left main 
bronchus. The symptoms produced by bronchial compression wore 
cough, expectoration, stridor, dyspnea, and attacks of sulfocation. At 
first, Avhen the obstruction was incomplete, there wiis emphysema of 
the left lung. Later, when secretions were retained distal to the ob- 
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struetion, there appeared varying degrees o£ collapse o£ the king with 
or without pneumonia, acute or organized, abscess or bronchiectasis. 
Once the infection became established, the patients had symptoms of 
a suppui-ative pulmonary lesion ivith fever, loss of weight, sweating, 
and other constitutional symptoms accompanying a chronic infection. 
Under these circumstances a diagnosis of tuberculosis may he made, 
and since both conditions may coexist, one must exclude tuberculosis 
before being completely satisfied with the diagnosis of “ a.ueurysnial 
plithi.sis.” 

In every case in this group the pulmonary complications were on 
the same side as the bronchial compression. Moreover, they were more 
severe, as far as the local pulmonary process was concerned, than 
Avhen there was tracheal obstruction. In other words, unilateral ob- 
struction may be more complete and produce more extensive pul- 
monary lesions without rapid death than when there are pulmonary 
complications resulting from tracheal compression. On occasions, in- 
trinsic tracheobronchial stenosis due to syphilis may cause collapse 
of the lobe of the lung. This may be associated with an aneury.sm, 
as in a recent case reported by Mallory,^- or it may be an isolated 
lesion, the latter being more common. Cases 15 and 14 illustrate the 
course of events following bronchial compression in patients with an 
aneurysm of the descending arch of the aorta. 

Case 15 . — All ekleiiy ^uoman with an- aneurysm of the descending arch- of the 
aorta shows recurreut coUayse of the left hing due to compression of left main 
hronchus; obliterative endarteritis syphilitica of left common carotid artery and 
partial occlusion of the innominate and left subclavian artery. Death follojos ru-p- 
ture of aneurysm into left main bronchus. 

A wliite ivoman seventy-one years of age was first seen two years before death 
on acconnt of pain over tlic in'ccordinm. She stated that for five years she had 
suffered from periodic attacks of pain over the precordium and upper part of the 
loft chest. The pain continued with rest and was not increased by exertion; it was 
worse when she lay on the left side. Examination at that time revealed a small 
woman with increased retromanubrial dullness, dullness and distant breath sounds 
over the left lower lung lobe. She left the hospital after several days. 

Shortly after leaving the hospital she had an attack of pneumonia from which 
she recovered completely. Nine months before death she was readmitted to the 
clinic on account of pain in the chest, cough, and some shortness of breath. Upon 
examination it was found that she was thin and frail and had lost some weight. 
The positive findings were a displacement of the trachea to the left, the signs of 
atelectasis of the lower lobe of the left lung, and inequality of the brachial pulses, 
the right being less than the left. No pulsation was felt in the left carotid artery 
and only slight pulsation in the right. There was no lymph node enlargement and 
no definite tracheal tug. The heart was displaced to the left so that the apex im- 
pulse was felt in the axilla. There were no signs of aortic insulficienoy. There was 
however, a systolic murmur at the apex. The abdomen and extremities were nega- 
tive. There was no anemia. The Kahn reaction was positive and the x-rav exam- 
ination confirmed the diagnosis of atelectasis of the left lung (sec Pig. 1). At this 
time the patient remained on the ward six weeks without any essential changes in 
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her physical signs — no fever, but a slight cough without expectoration. The pain 
became less intense and she left the hospital. Two months later .she was readmitted 
on account of the symptoms of cystitis. The thoracic signs were the same as on the 
previous admission except a definite pulsation could now bo seen on the left side 
of the chest in the second, third and fourth costal interspaces. After several weeks 
the signs of cystitis subsided and she left the hospital once again, to return four 



Pig. 1 . — (Case 15.) Radiograms of chest taken at different intervals during the 
course of the Illness. 

♦ 1 , months before death — showing collapse of lung with heart displaced to 

/’^^tial aeration of left upper lobe. (2) Six months before death — partial 
(3) One month before death — the lung has reexpanded, show- 
aiotu 9^ tt’6 descending portion of the aortic arch. (-1) One week before 

ueatn collapse of lung with signs of fluid at left lower lobe. 


months later complaining of shortness of breath and a ‘ ‘ cold in the chest. ’ ’ On the 
first examination she showed the signs compatible with an aneurysm of the aorta, 
but the signs over the left lung had changed so that the breath sounds were well 
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heard over the lo^ver lobe. It seemed obvious that the lung had re-expauded, and 
this .vas proved by x-ray examination. Later, following an attack of dyspnea, 
the sims of pnhnonary collapse reappeared and were confirmed by x-ray examma- 
tion Three weeks before death she had a right-sided hemiparesis, which lasted two 
days. Tlie day of death she began to cough and, after expectorating large quanti- 
ties of blood, died. The clinical diagnoses were: (1) syphilitic aortitis; (2) 
aneurysm of aorta; (3) eoinpression of left main bronchus; (4) atelectasis of left 
lung;' (5) obliterative endarteritis of vessels of arch of aorta with complete occlusion 
of left common carotid and stenosis of the otlier branches; (6) rupture of aneurysm 
into left bronchus. 

These diagnoses were confirmed by necropsy, and Tig. 2 shows the area of 
bronchial compression, together with the point of rupture. 



Fig. 2. — (Case 14.) Photograph .showing compression and rupture of left main 
bronchus by aneurysm of descending arch of aorta. The left lower lobe is collapsed. 
The photograph was taken to show tlie posterior aspect of bronchi, heart and lungs. ‘ 


From this ease it is evident that recurrent collapse of the lung may 
follow bronchial compression due to aneurysm of the aorta. In other 
cases, an infection of a part of the hing which is supplied by the com- 
pressed hronchns is the predominating lesion as in Case 14. 


Case 14. — A man ivitli am- aneurysm of the descending arch of the aorta has fever, 
teucocytosis, signs of bronchial compression and hronchieotasis of the left lower lohe. 
Death due to infeotion. 

All emaciated white man, forty-five years of age, complained of cough and short- 
ness of breath on exertion, of six months’ duration. For five months he had had 
attacks of coughing, accompanied by expectoration of mncoid material. There liad 
een loss of weight, dizziness upon rising, pain over the precordiura coming on in 
paroxysms unrelated to exertion and referred to the left shoulder. Por six weeks 
his symptoms had been worse, and he had been bedridden most of this time' 
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Upon examination his temperature rvas 104“ F., pulse rate 130 aiul respirations 
27 per minute. The cough was paroxysmal in nature and the sputum was muco- 
purulent. The right lung was clear, the left showed signs of bronchial compression, 
especially over the left lower lobe where there were rales and distant breath sounds 
of a wheezing character. There was a tracheal tiig when the trachea was displaced 
to the left side. The red blood cell count was 3,700,000 per cubic millimeter, the 
hemoglobin G5 per cent, the white blood cell count 18,300 -with 7G per cent polymor- 
phonuclear leucocytes. The IVassermann reaction ^yas positive, and there was a 
mediastinal mass which did not prdsate when examined by the iluoroscope. 

During the entire period of observation which lasted three weeks, there was 
irregular fever varying from 100° to 103° F.; the signs in the chest per.sistcd and 
the patient continued to lose weight. Death resulted from infection. 

From these two cases it is seen that bronchial compression may 
produce either collapse of the lung or a chronic infection with bron- 
chiectasis. In either case the pulmonary symptoms and signs may 
predominate. 

EV'Pture Inio Pleural Cavity or Lung . — There were three cases 
(16-18) in which the aneurysm ruptured into the pleural cavity or 
lung. In one ease the aneurysm invaded the left, lung directly, and 
the outstanding feature of the case was recurrent liemoptysis. In 
the other two eases a hemothorax occurred, and the patient continued 
to live for some days or weeks before dying. A hematoma following 
the rupture of an aneurysm may be localized so as to simulate a 
malignant tumor,® or it may be so large as to be confused with a 
hydrothorax. The latter condition occurs as a complication of an 
aneurysm following the collapse of the lung or compression of the 
azygos or pulmonary veins. The fluid in these cases has the char- 
acteristics of a transudate and is more commonly left-sided. Case 16 
illustrates the course of eveiits when an aneurysm ruptures into the 
right pleural cavity. 

Case 16 . — A man with a right hemothorax flue to an aueurg^m- of the ascending 
arch of the aorta dies as a result of hemorrhage into 'pericardium. 

A colored man, tliirty-eigbt years of age, complained of pain in the right side of 
his chest. He had been well until ten days before admission, when he noticed a 
dull aching pain in the right side of his chest in the posterior axillary line which 
was exaggerated by respiratory effort. The day before admission the pain became 
more severe, dyspnea and orthopnea were ijresent, and there was an increased amount 
of coughing Avith Avhite, frothy, blood-streaked sputum. The jjast history was 
irrelevant. 

Upon examination the temperature Avas normal, pulse rate 100 per minute, 
respirations 28 and the blood pressure was 90 mm. Hg systolic and 70 lAAm. Hg 
diastolic. He was well developed, someAvhat malnourished, orthopneic, and uncom- 
fortable on account of pain and dyspnea. The pujAils Avere normal. The trachea 
Avas deviated to the left but there was no tracheal tug. The carotid and radial 
pulses Avere equal in A'olume. There Avere signs of fluid in the riglit pleural cavity, 
the percussion note being flat and the breath sounds absent. The left lung jiresented 
normal signs. The heart Avas displaced to the left but there Avere no murmurs. 
Examination of the abdomen and extremities reA'ealed nothing abnormal. 
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A needle was inserted into the right pleural cavity and about 50 c.e. of bloody 
fluid were withdrawn. Cultures of the fluid were negative, and the inoculation of 
this material into guinea pigs did not reveal tuberculosis. The white blood count was 
28,200 per cubic millimeter with 94 per cent poljmiorphonuclear leucocytes. The 
hemoglobin was 60 per cent. The blood Wassermann reaction was negative. The 
sputum contained no tubercle bacilli. X-ray examination of the chest showed a 
homogeneous density of the lower two-thirds of tlie right chest. The temperature 
varied between 99° and 101° F. Eepeated physical examinations of the chest re- 
vealed no changes. Later attempts to remove fluid from the pleural camty were 
unsuccessful. The cough persisted and increased in intensity. Suddenly the patient 
became more dyspneic, the pulse rate rose, the blood pressure fell, and he died one 
hour after the onset of the change in symptoms. 

Anatomical Diagnoses: Aneurysm of the lateral aspect of the ascending arch 
of the aorta; hemothorax; heinopericardium. 

In summary, a man with pain in the chest, increasing cough and dyspnea, signs of 
pleural effusion on physical examination, bloody fluid obtained by thoracentesis, 
sudden collapse and death two months after onset of s}'mptoms. 


When the lung is invaded directly by the aneurysmal sac, there may 
be collapse or perforation of the lung as in Case 17. This is much 
more likely to occur with an aneurysm of the descending thoracic 
aorta where it comes in close proximity to the left lung. Another 
part of the lung that may be compressed is the right or left upper 
lobe. The signs produced by direct invasion of the lung are repeated 
hemoptysis or the signs of pulmonary collapse. 

Pulmonary and Pleural Tuherculosis . — Tuberculosis was present in 
three eases. In one there was tuberculosis of the pleura due to an 
extension from Pott’s disease. In the other two the lesions Avere 
located in the lung and Avere incidental findings. The tuberculosis 
did not occur in collapsed areas due to bronchial compression. The 
association of aneurysm and tuberculosis has been commented upon 
previously by Kortz,^® who collected tAventy-tAvo cases of aneurysm in 
combination AAuth pulmonary tuberculosis. In the cases reported by 
Kortz,^® and also by PraenkeP and by Williams® the tuberculous lesions 
were mostly left-sided and occurred more often when the bronchi 
Avere compressed. In four of Kortz’s reported cases the tuberculosis 


AA as light-sided, and in each instance the bi'onchus AA^as compressed. 
It is plain, hoAvever, from a study of other cases that tuberculosis of 
the lungs may occur in association Avith aneurysm Avithout bronchial 
compression. Its presence, therefore, is probably a coincidental find- 
ing and has nothing' to do AAuth bronchial comjiression. 

From the cases presented it is evident that aneurysms of the aorta 
frequently produce pulmonary or pleural complication through com- 
pression of the trachea, bronchi or lung, or through rupture into the 
ung or pleura. These features may dominate the clinical picture in 
such a way that the primary cause of the disturbance is o’mtohed 
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SUMMARY 

1. Twenty-tAvo cases of aiiemysm of tlie aorta slioAving conspicuous 
pulmouary or pleural complications are summarized. 

2. Pulmonary complications, such as atelectasis, bronchopneumonia, 
organizing pneumonia, abscess or bronebieetasis, arise as the result 
of tracheal or bronchial compression or of direct iuA'asion of the lung. 

3. Pulmonary tuberculosis occasionally accompanies a.neurysm of 
the aorta, AAdtli or AAdtliout bronchial compression. 

4. Pleural complications arise as a result of rupture of the aneurysm 
into the pleural caAdty and compression of the pulmonary or azj^gos 
Amins, or from extension of an infection from an underlying pnlmonaiy 
lesion. 
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TOTAL THT'ROIDECTOMY IN ANGINA PECTORIS 
An Experimental Studn^'" 

Philip Shambaugh, M.D., and Elliott C. Cutler, M.D. 

Boston, Mass. 

S TRIKING clinical results have been reported recentlj’' from the com- 
plete removal of the normal thyroid gland in cases of severe angina 
pectoris.^’- The mechanism, however, by which total thyroidectomy 
relieves these patients is not at all clear. The beneficial effect of thy- 
roidectomy in the case of decompensated heart disease has been regarded 
as due to the resulting lowered metabolism with slowing of the circula- 
tion and consequent lessening of ' the burden on the heart. A close 
correlation has been observed in these eases between the level of the 
metabolism and the cardiac condition, the improvement taking place 
as the metabolic demands fall. This cannot be the entire explanation 
in angina pectoris, however, for here a beneficial effect has been ob- 
served almost immediately after operation, whereas the basal metabolic 
rate does not begin to fall for over a week. The following animal ex- 
periments were undertaken in the hope of assisting in the elucidation of 
this problem. 

It has been known for some time that it is possible to produce a defi- 
nite response in the unanesthetized dog by interfering mechanically with 
the coronary blood flew,^’ •'* and this response has been of such a nature 
as to convince observers that the dog experiences a sensation comparable 
to anginal pain in man. The experimental procedure, as described by 
Sutton and Lueth, consists in passing a ligature around the descending 
branch of the left coronary artery and bringing this out of the chest 
through a glass tube about which the pericardium and chest wall are 
closed. After the animal has recovered from anesthesia, traction on 
this suture compresses the vessel and the definite pain reaction is 
evoked. 

The fact that the therapeutic effect of total thyroidectomy is observed 
in some cases almost immediately after operation has suggested the 
possibility that the procedure may in some way interfere with the sensory 
nerve impulses from the heart.® White and his associates’- recently re- 
ported studies on the effect of severing various components of the 
sjnnpathetic nervous system on the subsequent production of cardiac 
pa^i dogs by the method of Sutton and Lueth. They found that the 

the Laboratory of Surgical Research. Harvard Medical School. 


221 



222 


THE AMERICAN HEART JOURNAL 


jDainful responses was prevented by api)ropriale procedures on the sen- 
sory nervous pathways at a preliminary operation. We haec similarly 
tested the effect of tbyroidectomj’' upon this pain response. 

METHOD 

The method ■was essentially the same as that described by Sutton and Lueth.^> 
Under intratracheal ether anesthesia the anterior half of tlie lifth rib on the left 
■was resected, the pleura was opened and a small incision made in the pericardium 
over the tip of the left auricle. An “ E ” silk suture was passed around the anterior 
descending branch of the left coronary vessels at this point by means of a blunt 
aneurj^sm needle and the suture brought out through a flanged glass tube. Wo en- 
deavored to devise a method wiicrebj' the suture could bo loft in situ and the 



Fig-. 1. — Drawing showing methoj for leaving coronam- suture in situ, used in dog 

C-322. 

animal retested for the pain response from time to time after thyroidectomy. This 
was successfully accomplished in one animal by using a short double-flanged glass 
tube the outer end of which was buried under the skin and subcutaneous tissues and 
the ends of the coronary suture anchored under the skin by a lend button (Eig. !)■ 
At tlie completion of the initial operation the center of the skin wound was left 
open and sterile dressings were applied. Four or five hours later the dressings 
were removed, and the test for the pain reaction was carried out by pulling on the 
coronary suture with sterile instruments. The skin was now closed over the lead 
button and a collodion dressing applied. The test was repeated at a later date by 
simplj' making a small incision over the button under novocaine infiltration and 
^PPb’iiig traction to the coronary suture. It was found that the typical reaction 
could be elicited by this method quite as readily as with the proximal end of the 
glass tube pressed against the heart for count ertraction as described by previous 
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experimenters. However, tlie procedure was found to be generally impracticable 
since there was invariably a low-grade fibrinous pericarditis which frequently plugged 
the glass tube involving the suture in organized tissue and preventing further ob- 
servations. In several instances the artery became thrombosed producing an in- 
farction of the myocardium, and in one dog the suture pulled out of the heart after 
occlusion and infarction had taken place. In two dogs the pleural space over the 
heart was obliterated by suturing the pericardium to the pleura as a preliminary 
operation, hoping thus to obviate the glass tube. This, however, resulted in an 
epicardial reaction which obliterated tlie landmarks, preventing an accurate placing 
of the coronary suture. Further efforts to leave the coronary suture in situ were 
abandoned, since it was felt that a preliminary control observation was not es- 
sential.* 

The thyroidectomy was performed under intrap eritoneal sodium pentobarbital 
anesthesia. Both glands were removed including the parathyroids, one or two of 
which were reimplanted into the sternothyTroid muscle. The animals ivere main- 
tained in good condition by the preoperative administration of viosterol, twenty 
drops daily for from ten to fourteen days,s and postoperative calcium lactate 25 
grams by stomach tube daily.a 

We wish to einxihasize the fact that in testing for cardiac iiaiii the animals were 
not allowed to suffer needlessly. In each instance the traction on the coronary 
suture was released as soon as it was apparent that the typical reaction was being 
produced. It was found to be unnecessary to carry the stimulation beyond the 
point of only moderate discomfort. 


OBSERVATIONS 


The test for cardiac pain vvas made in two dogs both before and after 
thyroidectomy; in one this was accomplished by leaving the coronary 
suture in situ, and in the other by removing the suture and glass tube 
after the first observation and replacing them at the time of the second' 
obseiwation. In both dogs no demonstrable change in the response was 
noted after thyroidectomy. 


Hog C-322. Nov. 4, 1933. Intratracheal ether anesthesia. Suture placed about 
coronary^ vessels as described above and threaded through double-flanged glass tube, 
the outer end of which was buried in the subcutaneous tissue. (Fig. 1.) Five hours 
later the animal was completely recovered from anesthesia, and traction on the 
suture produced definite evidence of pain on repeated observations. ■^Vound closed; 
uneventful recovery. 

Nov. 10, 1933. Complete thyroparathyroidectomy with reimplantation of two 
parathywoids into neck muscle. Moderate tetany for two days controlled with 
calcium. 


Two weefcs later. Under novoeaine infiltration wound was opened over the lead 
button, and coronary suture readily was identified. Traction on suture again evoked 
the unmistakable pain response. 

Six weel-s^ after thyroldectomr/. Test repeated as above, but now no response 
could be elicited by traction on coronary suture. Animal was sacrificed, and autopsy 

of heart and was held in fibrous pericai-dial 


always 

anestlietic and that the suture iueiiirie^ reasonably recovered from the 

little whether botirthe arteiy- and vlif appears to matter 

messed bmii vessels, but we’ have found that the tvr)inni^^.i. suture usually com- 
Sion of Githei’ tho arteo" or the vein alonn *^J'P'cal reaction occurs on compres- 
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adhesions. Surface of heart was covered Avith a thick, gray, jellylike exudate lying 
between bands of fibrous adhesions. The anterior descending coronary vessels Avere 
patent only down to the prCAdous site of the suture and Avere thrombosed beloAV this 
pobit. No gross myocardial infarction, however. 

C-9. Jan. 12, 1934. Anesthesia — intratracheal ether. Suture of Avaxed “E” 
silk placed about coronary A’essels as described above and threaded tlirough a long 
single-flanged glass tube. Pericardial and chest wounds were tightly closed with 
care to remove pneumothorax. Eemoral artery Avas cannulated for blood pressure 
tracings and tambour attached to chest for recording respirations. Anesthetic 
ceased and intratracheal tube Avas removed; Thirty minutes later dog Avas alert and 
responded in the typical manner to traction on the coronary suture. Animal Avas 
then re-etherized, intratracheal tube replaced, and glass tube Avith coronary suture 
removed. Uneventful recovery. 

Jan. 23, 1934. Total thyroparathyroidectomy AA-ith reimj)lantation of one para- 
thyroid into neck muscle. Dog suffered moderately severe tetany for ten days, not 
controlled with calcium orally and intravenously, and finally relieved by para- 
thormone 0..5 C.C.* 

Twelve days after thyroidectomy, under intratracheal ether anesthesia, chest Avas 
reopened and suture again placed about coronary vessels at the same site as before. 



Fig. 2. Fig. 3. 

Fig. 2. — Tracing from dog C-83 shoAVing typical response to traction on coronary 
suture five hours after tliyroidectomy. 

Fig. 3. — Tracing from dog C-12 shoAving typical response four Aveehs after thyroid- 
ectomy. 


Chest AA-as closed about glass tube. Anesthetic removed. Thirty minutes later the' 
imimal Avas alert and responded exactly as before to traction on coronary suture. 

Ill tliree dogs no effort AA'as made to test the reaction to coronary 
occlusion before thyroidectomy. 

C-83. April 10, 1934. Morphine 0.015 grams, and intratracheal ether. Coronary 
suture Avas placed as in previous experiments and thyroparathyroidectomy performed. 

Five hcnirs later traction on the suture eA’oked the typical response with stiffen- 
ing of the forelegs and restlessness. (Eig. 2.) 

C-3ol. Oct. 30, 1933. Total thyroparathj-roidectomy Avith reimplantation of four 
parathyroids into right neck muscle. No subsequent tetany. 

Two weels later coronary suture Avas placed as in previous experiments. Four 

hours later a definite pain reaction AA-as produced by moderate traction on the 
suture. 

effecTive only instance in Avhich the Auosterol and calcium regime Avas not 


X)e‘{in«te 

teactiovv 



dUTure ' 
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C-12. Jan. 30, 1934. Total tliyroparatliyroideetomy with reimplantation of two 
parathyroids into’ neck muscle. Slight subsequent tetany controlled ndtli cakium. 

Fmor weeks later coronary suture was placed as described above. Thirty minutes 
after withdrawal of anestliesia traction on the coronary suture produced the typical 
pain response which was immediately relieved by release of the tension (Fig. 3). 

It must be borne in mind, m considering these negative results on the 
effect of thyroidectomy, that dogs do not react to ablation of this gland 
in the same way as do human beings. The fall in metabolism is only 
temporary, the circulatory rate'^ is unchanged (Fig. 4), and a condition 
resembling clinical myxedema is verj^ rarely observed. This is probably 
due to a compensatory hypertrophy of the accessory thyroid tissue which 
is found almost universally in the dog, scattered about the neck and 
upper mediastinum."^’ hlowever, the fact that the typical response to 



Piff. 4. — Chart on dog C-322 showing: 

(1) Spontaneous recovery from hypothyroidism due to compensatory hypertropliy 
of accessorj' thyroid tissue. 

(2) Circulation time remained unaltered in spite of a marked fall in metabolic rate. 


temporary mechanical coronary occlusion can be elicited after thyroid- 
ectomy as well as before, indicates that the sensory pathways of the 
heart are still intact. t 

COMMENT 


A possible explanation of the early and dramatic change seen in angina 
pe^is cases after removal of the thyroid has been suggested by the 


spouse to a given amount of traction. The Rmfta^ti^n®’ nv seventy of the re- 
make it impossible to determine such minor experimental procedure 

mental conditions cannot be r eproduce™ a second changes. The exact experi- 

"’Attain measured amount of tracHon in d ffercfr th^re- 

avoidable experimental .and temperanmntal vSltions^ ^ ^ subject to un- 
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clinical observation of a change in reaction to adrenalin after operation. 
Eppinger and Levine“ found that the rise in blood pressure and pulse 
rate induced by the intramuscular injection of 0.3 to 0.5 c.c. of 1 ;1,000 
adrenalin was defiiiitely diminished when the test was repeated from one 
to five days after total tliyroidcctojuy; and that wliereas the injection 
provoked an attack of angina before operation, the attack did not occur 
postoperatively. These authors suggested that this altered reaction to 
adrenalin might be responsible for the relief of anginal pain. 

The interrelationship between the thyroid and the adrenals has been 
repeatedly demonstrated during the past twenty -five years in experi- 
mental animals. The glycosuric response to injected adrenalin has been 
found to be diminished after thyroidectomy.’- Similarly the vasopressor 
i-esponse to adrenalin has been observed to be less after thyroidectomy’® 
and to be augmented after increasing the activity of the thyroid by 
electric stimulation”’ or after feeding thyroid.’® The tachycardia re- 
sponse to adrenalin in the isolated perfused lieart has been found to be 
increased by thyroxin” and decreased after previous thyroidectomy.’® 
This last observation has been corroborated recently by experiments on 
the denervated heart preparation of Cannon.’® 

We have studied the effect of thyroidectomy on the vasopressor action 
of adrenalin in dogs and found a definitely diminished response in two ‘ 
dogs when tested three and four weeks after thyroidectomy. However, 
three other dogs tested one, two, and six weeks after thyroidectomy 
failed to shoAV this change. The individual variation in this regard may 
be due to the presence of varying amounts of accessory thyroid tissue. 

The beneficial effect of removal of the thyroid gland in angina pectoris 
may be due, in part at least, to a diminished effecthmness of the physio- 
logical output of adrenalin. This explanation Avould imply that the 
paroxysms of anginal pain in patients with coronary artery disease may 
be caused by an increase from time to time in the individual’s output 
of adrenalin. Such a concept does not seem entirely unreasonable when 
we reflect that the physical and emotional changes Avhich precipitate 
attacks of angina are just those which have been shovai experimentally 
to cause an outpouring of adrenalin into the blood stream.®® It has been 
demonstrated that injected adrenalin Avill generally initiate an attack 
in patients suffering from angina pectoris y’ so it is ciuite eoneehmble 
that a sudden increase in the secretory activity of the adrenals might 
have a similar effect in these patients. 

There are two ways in which adreiralin, either secreted or injected, 
might precipitate an attack of angina. First, it might cause a constric- 
tion of the coronary arteries which AA’ould directly jrroduce the myo- 
cardial ischemia. Second, it might, by raising the blood pressure and 
lieart rate, so increase tlie rmscular demands of the myocardium that in 
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the presence of a preexisting narrowing of the eoronaiy artery or of a 
rigidity preventing a compensatory dilatation, cause a relative myo- 
cardial ischemia. 

Although there is some evidence that adrenalin may constrict the 
coronary arteries in man,” this action has not been definitely established, 
and indeed it would seem a perverted mechanism which would, curtail 
the suj)j)ly of blood to the heart muscle just at that time when it is 
most needed. Moreover the atheromatous condition of the coronary 
arteries, which is frequently observed postmortem in patients suffering 
from angina pectoris, makes it improbable that in these jiatients an 
active vasoconstriction could have been the cause of the attacks. 

On the other hand, there is considerable clinical evidence that an in- 
crease in the work of the heart may be the precipitating factor in many 
eases of angina. There have been reported recently several careful 
clinical studies^^’ which indicate that a rise in blood jivessure and 
increase in heart rate are very frequently associated with the attack of 
angina, and some clinicians have ventured the opinion^'*’ ““ that these 
circulatory changes do not take place as a result of the painful attack, as 
has been believed, but are rather the immediate cause of the attack. 

The “experimental angina” produced in dogs by Sutton and Lueth’s 
method depends upon a constriction of the coronary vessels, with the 
demands of the heart muscle remaining constant; however, as we have 
demonstrated, there are certain objections to the clinical application 
of this mechanism. In a previous communication-® experimental observa- 
tions have been presented describing a method for eliciting the same 
pain response in the unanesthetized dog by suddenly increasing the work 
of the heart in the presence of a constant slight narrowing of the 
coronary vessels. This was accomplished by establishing a constant 
subminimal pull on the coronary ligature by means of a weighted cord 
and then injecting a vasopressor dose of adrenalin into the femoral vein. 
The reaction which has been found to indicate cardiac pain in the dog 
was observed to occur coincidental to the rise in blood pressure. Ade- 
quate control studies showed that the subminimal traction alone or the 
adrenalin alone would not cause pain. 

We have studied the effect of thyroidectomy upon the production of 
cardiac pain by the above method. Although it was possible to elicit the 
response in thyiuideetomized animals, it soon became apparent that the 
experimental method did not lend itself to an accurate evaluation of 
this factor. One difficulty was that the vasopressor response to a. given 
dose of adrenalin differed so widely in the various dogs tested that it 
would have been necessary to repeat the test for cardiac pain before 
and after thyroidectomy in the same animal. It was obviously impossible 
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to reproduce the experimental conditions a second time in the same dog 
with sufficient accuracy to ivarrant definite conclusions. Even if the 
suture Avere successfully left in situ, the local reaction in the cardiac 
tissue would inevitably alter the amount of tension required to produce 
a given amount of constriction. 


SUMMARY 

Thyroidectomy does not alter the j)ain response in dogs produced by 
mechanical interference with the coronary blood flow. 

The possibility is discussed that the beneficial effect of total thyroid- 
ectomy in angina pectoris may be due to an interference with the thyro- 
adrenal mechanism. 
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INTERLOBAE EFFUSIONS IN PATIENTS 
WITH HEART DISEASE* 


Irwin D. Stein, M.D.,t and John B. Schwedel, M.D. 

New York, N. Y. 

INTRODUCTION 

E ffusions in tlie interlobar spaces of tbe kings are mncli more 
frequent in patients with heart disease than has been considered 
heretofore. The diagnosis was not made with any degree of certainty 
until correlated studies with x-ray and autopsy findings were made.^’ - 
Since then several individual ease repoihs-"*'® of such effusions occur- 
ring in the course of congestive heart failure have appeared in the 
literature. 

AYe have reviewed the clinical course of 18 patients with interlobar 
effusions who have been on the wards of Montefiore Hospital since 
1930, and in this study ive wish to stress the comparative frequency 
with which the condition is encountered and its relationship to the 
general problem of myocardial insufficiency. 

PATHOGENESIS 

On purely theoretical grounds, any inflammatory reaction which 
involves the lung parenchyma or the pleura maj^ give rise to an inter- 
lobar effusion, provided the disease process is close enough to the 
fissure. In heart disease the effusion maj^ arise as an exudate from a 
jileurisy or pei’icarditis in the course of active rheumatic fever j it may 
follow an infarction along a pleural surface, or it may occur during 
cardiac decompensation. The reason for the localization in the latter 
condition is not quite so apparent, because here it is the result of 
transudation from congested lungs and iinlmonarj’- stasis, a purely 
mechanical process. 

In the pathological studies of Steele,^ Keiser,^ and Austrian,® the 
outstanding finding was an adhesive pleurisy which completely oblit- 
erated the pleural sac except in the area destined to house the fluid 
(the interlobar region). These writers concluded that fluid entered 
into the interlobar space during congestive failure for one very simple 
reason — it had no other jilace to go. In most of the cases reviewed, 
as in ours, an antecedent history of iineumonia or j)leurisy could not 
be elicited to explain the obliteration of the pleural sac. However, 

T . the Medical Division of the Montefiore Hospital. Service of Dr. Leopold 

Lichtwitz and the Department of Radiography, Service of Dr. Arthur J. Bendick. 
tTraveling Fellow, 1934, Dreyfuss Fund. 
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pieural reactions are veiy common in decompensated cardiacs and, 
as a result of repeated bouts of failure, they lead to tbickenings wliicb 
become appreciable radiographically in the costophrenic sinuses and 
interlobar fissures, and may go on to the' formation of adhesive bands 
between the two pleural layers. It seems logical to attribute the pic- 
ture to pleuritides of this nonspecific nature, upon which are often 
superimposed congelation and fibrin deposition from chest fluid as a 
result of chronic stasis. 

The interlobar fissure appears to be least affected by these pleural 
reactions for several reasons .- first, because pleurisj^ most commonly 
involves the tivo lajmrs forming the free pleural cavity; second, with 
respiration a pleuritis spreads very easily by contiguity as a moving 
structure (the lung) expands and contracts against the relatively fixed 
costal cage. The pleura on either side of the interlobar fissure, how- 
ever, tends to remain in contact. Third, drainage of fluid from the 
interlobar region is facilitated by the two areas of lung surface in 
contact with it, while drainage from the pleural cavity cannot be so 
efficient, as the effusion is bounded on one side by the chest wall. 
Fourth, the amount of fluid is generally much less than in the free 
pleural cavity ; hence resorption is again more rapid and more complete. 

While this undoubtedly exiflains the well-marked cases with typical 
textbook appearance, there exists another and more common group. 
Here the obliterative pleurisy is not at all prominent, and transuda- 
tion of fluid takes place both into the ge.neral pleural cavity and into 
the interlobar pleural space. The hydrothorax rising in the chest 
cavity indents the pleura and lung tissue on either side of the fissure 
due to mechanical pressure, and additional fluid seeps into the inter- 
lobar pleural space. At times it is difficult to differentiate between 
these two layers of fluid. Studies of such cases have made us suspect 
that in many patients with cardiac decompensation, in whom hydro- 
thorax of the general pleural cavity occurs, there is at the same time 
an effusion in the interlobar space. 


ANATOMY AND ROENTGENOGRAPHY 

A knowledge of the anatomy of the interlobar fissures is essential 
for a clear understanding of the physical changes that are encountered. 
On each side there is an oblique fissure which tra.nsects the lung almost 
to the hilum, and a transverse fissure ivhich lies only on the right side 
separating the upper from the middle lobe of that lung. As Brown^ 
points out : “ each oblique fissure is at right angles to the lateral chest 
wall will e the transverse fissure is at right angles to the anterior 
chest wall. Hence thickening or fluid in the oblique fissures is best 
obseived m the lateral view; whereas thickening or fluid in the hori 

don.” (Mg' recognized in the anteroposterior posi- 
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The radiological picture depends upon the position of these pockets 
of fluid, Avhether they lie closer to the anterior, the posterior, the 
medial or the latei'al portion of the fissure. Tlie x-ray diagnosis has 



Fltr. 1. Fifj. 2. 


Fig. 1. — Case 1, admission pialo .allowing large effusion in the transverse fissure. 
Pig. 2. — Case 1, after one week of diuretic tlierapy : only an interlobar fissure scar 
remains. 

Fig. 3. Fig. 1. 



Fig. 5. Fig. e. 


Pig. 3. — Case 2, on admission, in tlie x-ray film fluid in tlie general pleural cavity 
obscures the interlobar effusion wliich is present. Satisfactory evidence of its presence 
was revealed by fluoroscopy. 

Fig. 4. — Case 2, after one week of diuretic therapy. 

Pig. 5. — Case 2, lateral view taken at the same time as Fig. 4, to show tlie relation 
of the effusion to the interlobar Assure. 

Fig. 6. — Case 2, general clearing two to three wcel^s after diuretic therapy. Only 
a thin layer of fluid remains in the interlobar fissure with mucli more in the free 
pleural space. 
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been too well described to warrant detailed description in this eom- 
mnnication, suffice it to say tliat the shadow may be band-shaped, 
wedge-shaped, elliptical or round, depending upon the amount of 
distention and the area of pleural surface involved. Bending for- 



Fig. 7 . — Case 6, sacculated effusion in the transverse fissure. The white ari’ows indicate 
the fractured ribs on the opposite side. 



He 8.-0.,e u. effusion inlo the bgnjon the azreos and upper lobe, ol Ibe 


ward, backward, or from side to side 
shadow of an interlobar effusion. 


, frequently will accentuate the 
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Interlobar Effusions as a Eesult of Exudation* 
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18, 0 heart-block, congestive heart to transverse fissure. resorption. autopsy. 

failure, pulmonary infarction. 

'Since the original investigation, 8 additional cases have come to our notice. Seven of these belong to the transudative group and one 
(the result of infarction) falls into the exudative group. 
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a procedure which is superior to taking plates alone for the detection 
of effusions which are small or which mingle intimately with shadows 
produced by other structures in the chest. (The individual case re- 
poi’ts are given in table form.) From these tables, it can be seen that 
interlobar effusions fall into two main groups~the transudative and 
the exudative tj^es. In the first group are included the single isolated 
effusions (which develop in the interlobar region because of adhesions 
closing the general iileural sjiace), and the intei’lobar effusions coexist- 
ing with free fluid in the general chest cavity and representing exten- 
sions from it. (Cases 2, 4, 5, 9, 10, 12, 14.) In the exudative type of 
interlobar effusion we have those resulting from specific inflammatory 
reactions, such as infarction, rheumatic pleuritis, etc. 

These patients illustrate tlie frank types of interlobar hydrothorax. 
The most striking thing, hoivever, was to find linear shadows or scars 



Fig. 9. Case 16, an interlobar effusion into the left oblique Assure 

location. ’ 


a very unusual 


in the interlobar regions of more than 75 per cent of several hundred 
cardiac patients examined. Because of its position, thickening of the 
transverse fissure^ offers such a striking contrast to the surrounding 
lung as to make it easily recognized. In addition there was usually 
thickening of the parietal pleura, diaphragmatic adhesions, and oh- 
literation of the costoplirenie angles. These structural changes can 
mean only one thing in the light of a history of repeated bouts of 
decompensation— that flnid has collected and has been resorbed in 
these areas on one or more occasions, leaving its sequelae. 

DISCUSSION 

.2'i- 
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effusion Avas on tlie riglit side. This is not at all fortuitous, because 
it is also true of effusions into the general pleural space. Second, 
physical signs are comparatively fcAA'-, and the condition is usually an 
accidental finding in the teleroentgenogram. Attempts to verify the 
diagnosis by puncture are extremely unsatisfactory. Their rapid dis- 
appearance Avith treatment is characteristic and refutes the common 
conception that diuretic measures are of no aAmil in the mobilization 
of chest fluid. This in general may he true of the ordinary type of 
hydrothorax, hut it does not apply to interlobar fluid. The difference 
betAveen the tAvo prohablj’’ lies in the fact that the total fluid area in- 
A’-oh^ed is much less, and that the tAvo areas of lung tissue Avhich bound 
the fissure form a more active resorption surface. 

The relationship of auricular fibrillation and diseases of the aortic 
AmlAm to this condition has been stressed by certain Avriters.®’ ® We 
feel that these are coincidental and are merelj’’ expressions of long- 
standing cardiac disease associated Avith decompensation. 

Differentially, lung abscesses, tumor nodules or pulmonary infarcts 
may closely resemble interlobar effusions, and confusing shadoAvs may 
be cast by the pectoralis and ti-apezius muscles, or by localized thicken- 
ing of the pleura in the general pleural caAuty. As a imle, hoAA^ever, a 
density of this sort in a decompensated individual, Avhich seems to melt 
aAvay Avith the return of compensation, should present no great diag- 
nostic problem. 

SUMMARY 

Although interlobar fluid accumulation has a Amried etiology, it is 
most frequently encountered in patients AAdth heart disease. In this 
condition it may be the end-result of an inflammatory process or, more 
commonljq it ma}^ be the transudatiAm type found in decompensated 
individuals. 

Interlobar effusions arising by transudation differ in no Avay from 
those in the free pleural cavity except in location. Some are Availed 
off in the interlobar region by an adheshm iileurisy of the general 
pleural space ; others merely enter the fissure as an extension from a 
hydrothorax. 

In the course of heart failure pleural reactions are A'^ery frequent, 
not only in the interlobar region but also in the free pleural space. 
Upon resorption, only scars or thickened pleura remain. Whenever 
such residua are found, it is reasonable to assume that the patient 
had either preexisting fluid (interlobar or othei’Avise) or chronic pul- 
monary stasis. 

Interlobar effusions and their pleural thickenings are not roent- 
genological freaks, hut constitute an integral part in the historj’- of 
chronic cardiac disease. 
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ADHESIVE MEDIASTINOPERICARDITIS WITH NORMAL 
CARDIAC ELECTRICAL AXIS ROTATION ON 
POSTURAL CHANGE 

John J. Sampson, M.D., and Harold Rosenblum, M.DAt 
San Francisco, Calif. 

E INTHOVEN^ observed that wlien the body of a patient was rotated 
from right to left, a change in the form of his electrocardiogram 
took place. This change represented a shift in the electrical axis of the 
heart. Einthoven originally attempted to measure the action current of 
the beating heart as a succession of vectors. He devised the three leads 
graphically represented by the sides of an equilateral triangle. 

The representations of the ventricular impulses of the three leads, 
recorded simultaneously, were assumed to record the summation of the 
electrical potentials of the entire mass of the ventricular muscle. The 
direction assumed liy the vector representing this summated electrical 
potential was termed the electrical axis. The zero degree position of the 
circle, from which the axis position was measured, was arbitrarily placed 
pointing directly caudad. Rotation to the left was indicated as negative 
degrees and to the right as positive degrees, the maximum being the 180 
degree point which lay directly cephalad. 

In spite of the failure to record simultaneously all three leads, it has 
been a generally accepted procedure to estimate this electrical axis by 
calculation from the algebraical summation of the greatest positive and 
negative deflections of the QRS complexes in Leads I and III. 

The change in the electrical axis Avith shift of position of the patient 
Avas interpreted by Einthoven as being due to a rotation of the heart in 
the chest about the longitudinal axis of the body. This change has been 
commonly regarded as being absent in patients AAuth chronic adhesive 
mediastinopericarditis. By this term Ave mean that state in Avhich firm, 
chronic inflammatory adhesions exist betAveen the heart and the peri- 
cardium, and betAveen the pericardium and the adjacent mediastinal 
structures and the chest Avail. The belief that axis fixation occurs in 
this type of pericardial disease is based largely on the observations of 
Dieuaide.^ This investigator reported tAvo cases in Avhieh at post-mortem 
examination dense adhesions Avere found to exist betAveen the heart, the 
pericardium and the mediastinum. These patients, during life, had 

,, the Department of Medicine and Electrocardiograph Laboratorj’- ot the 
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shown no shift of the cardiac electrical axis with rotation of the body. 
Dieuaide’s study also included two additional patients in whom there 
was a very slight axis change and in whom at necropsy there was a 
moderate fixation of the pericardium and mediastinum. Eight other 
cases showed clinical signs of adhesive mediastinopericarditis, but normal 
axis rotation was fourrd. None of these latter eight patients had com- 
bined mediastiiropericardial adliesions at autopsy, although chronic ad- 
hesive mediastinitis or pericarditis may have existed separately. Dieu- 
aide hoped to diagnose onlj’- instances of adliesive pericarditis in which 
adhesions involved both the mediastinum and tlie pericardial cavity. 

The purpose of this report is to shoAV the behavior of the electrical 
axis of the heart in extensive chronic adhesive pericarditis with medi- 


Tabi/E I 

Eotation op the ELECTErcAr* Axis op the Heart ix HobmaIi Subjects 


SUBJECT 

. SEX 

AGE (YEARS) 

SHIFT* (DEGREES) 

1 

P 

50 

5 

2 

M 

32 

7 

3 

M 

25 

11 

4 

P 

28 

12 

5 

F 

35 

13 

6 

M 

65 

13 

7 

F 

26 

15 

8 

F 

56 

17 

9 

U 

S 

18 

10 

M 

65 

20 

11 

F 

24 

21 

12 

M 

15 

23 

13 

M 

20 

25 

14 

F 

22 

28 

15 

M 

27 

28 

16 

F 

15 

28 

17 

M 

21 

44 

18 

M 

27 

55 

19 

F 

1% 

64 

’"‘Shift’' represents the difference in degrreos of the electrical 
measured in the riglzt lateral and left lateral positions. 

axis of the heart as 


astinitis, based on a study of five eases. The diagnosis was proved by 
autopsy in four, and by operation in one. It was hoped that by correlat- 
ing the electrocardiographic with the pathological and operative findings 
the relative value of the electrical axis shift in the diagnosis of adliesive 
disease of the pericardium and mediastinum might be ascertained. 




The techmo employed was that of Dieuaide. It consisted of estima- 
tions of the shift of the electrical axis from electrocardiographic trae- 

StuVr 1 * ™ reeumlieiit position, (2) in 

the right lateral recumbent position, and (3) in the left lateral reoum 

«p aW inboaVir ta this way, then 

lepeated in both full inspiration ahd full expiration. 
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The calculation of the electrical axis was made by the use of the 
graphic representation of Einthoven’s formula prepared by Carter, 
Richter and Greene.® 


RESULTS ON NORMAL SUBJECTS 

Dieuaide estimated a normal shift of the cardiac electrical axis by 
inspection of the electrocardiographic tracings. No one, to our knowl- 
edge, has assigned numerical values to these axis shifts. By the use of 
Dieuaide ’s technic, a group of normal individuals varying in age from 
fifteen months to sixty-five years Avas studied. The results are tabulated 
in Table I, and show a normal variation of from 5 degrees to 55 degrees 
shift in axis. 

With this Avide normal range and especially Avith the occasional in- 
stances of 11 degrees to 13 degrees axis shift, it is obvious that fixation 
of electrical axis must be AAdthin the range of 5 degrees to be of any 
abnormal significance, Avhich is lAractieally Avithin the eiTor of elec- 
trical axis measurement. 

RESULTS ON PATIENTS AVITH CHRONIC ADHESIATi: MEDIASTINOPERICARDITIS 

The cases studied Avere limited to those in AA^iich proved adhesive 
mediastinoperiearditis aa^s present and in AA'hich the electrical axis shift 
Avas measured. A comparison could then be made Avith the accepted 
values of normal, and AAdth the results obtained in normal, subjects by 
ourselves. The technic used in each case was the same. 

The folloAAdng brief summaries indicate the nature and extent of the 
pertinent anatomical findings in four patients Avith chronic adhesive 
pericarditis as revealed by operation in one case, and by autopsy in the 
remainder of the cases; and one ease (AA'ith autopsy) of carcinomatous 
and inflammatory invasion of the pericardium and mediastinum. 

Case 1. — B., female, aged thirty-eight years. Br. A. L. Brown removed the 
medial portions of the third, fourth and fifth left costal cartilages at operation. (Oct. 
22, 1932), and the following findings were disclosed: 

The pericardium was calcified, thictened, and adherent both to the myocardium 
and to the anterior chest Avail. The thickened pericardium could not be separated 
from the underlying heart muscle. The clinical and postoperative diagnoses Avere: 
chronic adhesive mediastinoperiearditis, calcified, right hydrothorax, auricular fibril- 
lation and congestive heart failure. In this case there had been an axis shift of 
20 degrees on May 4, 1931, but only 9 degrees on February 15, 1934, about sixteen 
months after operation. (Fig. 1.) 

Case 2. — E. S., male, aged forty years. (Autopsy Noa’. 27, 1932, by Dr. A. 
Nemir.) There were adhesions present between the right border of the pericardium 
and the mesial borders of the loAver and middle lobes of the right lung. Adhesions 
were also present betAveen the pericardium and the thoracic cage to the right and 
left of the sternum as Avell as the eontignous pleura of the left loAver .lobe. The 
pericardial caAuty Avas obliterated by dense adhesions. The anatomical diagnoses 
were; chronic adhesiA’c mediastinoperiearditis; rheumatic heart disease AA’ith aortic 
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insufficiency and stenosis ; right bundle-branch block ; pulmonary 
ichopneumonia. The electrical axis shift in this ease on Nov. G, 
es. 

female, aged fifty-four years. (Autopsy Sept. 20, 1932, by Dr. 
! pericardial cavity was completely obliterated by dense fibrous 
There were dense adhesions between the right border of the 

' May 4 , 1931 
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The electrical axis of this heart on April 11, 1932, shifted 42 degrees with a 
change in the position of the patient. (Pig. 2.) 

Case 4. — E. B., male, thirty-three years old. (Autopsy Jan. 16, 1929, by Dr. J. P. 
Ehineliart.) A clinical diagnosis was made of rheumatic heart disease u-ith adhesive 
mediastinopeiicarditis. At autopsy there was found a generalized old fibrous peri- 
carditis partially obliterating the pericardial sac with a more recent organizing 
fibrinous pericarditis in the free spaces with pleuropericarditis, bilateral, and 
adliesions from the apex of the pericardial sac to the left anterior chest wall. There 
was present acute and chronic rheumatic endocarditis of the mitral and aortic valves, 
diffuse myocardial fibroses, multiple thrombi in the left auricular appendage and 
infarcts of the brain, kidney and spleen. Other incidental findings were chronic 
passive congestion of the abdominal visceni, bronchopneumonia, and old calcified 
tuberculosis of the mediastinal Ijonph nodes. 

The electrical shift in this case on June 21, 192S, was 21 degi-ces. 
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Fig'. 2. — Electrocardiograms, Leads I and III demonstrating 42' electrical axis shift on 

postural changes (Case 3). 


Case 5. — I. B., female, aged forty-one years. (Operation by Dr. H, Brunn Sept. 
7, 1927, and autopsy by Dr. G. Y. Rusk June 6, 192S.) 

The histoiy of respiratory symptoms on this patient dated from January, 1927, 
and the first x-ray and clinical diagnosis of carcinoma of the lung was made On 
July 29, 1927; and on Sept. 7, 1927, the right upper and middle lung lobes were 
removed. Drainage of the right pleural ca-vity for empyema followed, and after 
repeated convulsions the patient died on June 6, 192S. 

The autopsy diagnosis was primary papillary adenocarcinoma of the right lung 
with extension into the right pleural space, the mediastinum, a portion of the right 
side of the diaphragm, the left lung, and the pericardium with partial obliteration of 
the pericardial space. There was dilatation and hypertrophy of the right auricle 
and right ventricle with chronic passive congestion of the abdomen, viscera and 
ascites and left hydrothorax. Moderate atheroma of the aortic valves, the aorta and 
coronary arteries and many metastases were present throughout the body. A sinus 
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extended through tlie wall of the chest into the infected pleural cavity, thence to an 
abscess witliin the mass of the tumor in the right lung. 

On April 16, 1928, the electrical axis rotation on postural shift was only three 
degrees, well mthin the possible error of measurement. 

DISCUSSION 

An analysis of Table II shows that a normal axis rotation occurred in 
four of the five patients. In the one remaining case slight rotation of 
the axis occurred. The axis rotation in this latter ease was limited to 
three degrees. 

Table II 


Rotation of the Electrical Axis of the Heart in Patients 
With Fixation op the Pericarwuji 


PATIENT 

sex 

AGE (YEARS) 

SHIFT (DEGREES) 

1. (E.B.) 

p. 

38 

20 

2. (E.B.) 

M. 

33 

21 

3. (E.Sa.) 

M. 

40 

35 

4. (E.Se.) 

P, 

54 

42 

5. (I.B.) 

P. 

44 

3 


Each of these five patients had extreme anatomical fixation of the 
heart to the pericardium and of the pericardium to the anterior and 
central mediastinum, pleura and the chest wall In Case 5 there was at 
autopsy an almost solid block of immobile carcinomatous and inflamma- 
tory tissue binding together the heart, pericardium, pleurae, right lung, 
and rib cage. This ivas the only example of genuine electrocardiographic 
electrical axis fixation. 


The observation made by FeuicheP and others that the electrical axis 
shifted toward the right on turning the patient into the left lateral re- 
cumbent position was herein uniformly observed. This agrees with the 
conception that shifts of the heart in a frontal plane are more responsible 
for electrical axis shift than the rotation about the longitudinal axis. 
The heart assumes a slightly more prolonged form in the left lateral 
position than in the dorsal recumbent or erect position and a broader 
form in the right lateral position. This change in form coincides with 
the common occurrence of right electrical axis deviation in nanmw- 
e ested indmduals and the reverse in broad-chested people, and pos- 
sibly explains the nature of axis deviation in hypertrophy and dilata- 
tion of either ventricle rather than the theory of predominance of elec- 
ventrielf developed by the greater muscle mass of the particular 

One may offer the hypothesis that the movement of the heart alone 

pree4t St S'” 

Uhramu T The extensive involvement of the dia- 

Sr ® a™ fixation in that 
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In certain otlier patients, clinieall.y suspected of iiaving adhesive medi- 
astinoperiearditis and not reported in this series because of lack of either 
surgical or autopsy confirmation of the lesion, electrical axis fixation 
on lateral rotation Avas observed, but there was a decided shift during 
respiration from the extreme positions of the diaphragm in inspiration 
and expiration. (Fig. 3.) 

In these patients as Avell as in the five diseussed in this report there 
was apparent anatomical longitiidinal fixation of the heart as estimated 



Fig. 3. — Electrocardiograms in a case of suspected adhesive mediastinopericarditis, 
illustrating fixation of form and electrical axis in Leads I and III on lateral posture 
shift, but definite difference in form of Lead HI when taken in inspiration and expira- 
tion. 

by constancy of position of the apex impulse, the heart border by percus- 
sion and by roentgenograms of the chest. Minor changes of the heart’s 
position, however, are extremely difficult to estimate from roentgen ray 
observations. In each of the cases reported here, the position of the 
apex impulse of the heart as determined by palpation and percussion did 
pot move with changes in the patient’s position. This relative immobil- 
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itr ol the cardiac apex impnlse, deduced from physical examination has 
served ns as a far more reliable index of longitudinal axis fixation t lan 
any other means of estimate. 

One may conelnde from the above data that mobility of the electrical 
axis will not exclude extensive mediastinopericarditis but that fixation is 
worthy evidence of its existence probably with diaphragmatic involve- 
ment. Even this premise is not .iustified as a generalization, as is 
illustrated by the following case; a woman, aged forty-three years, 
(A. H.) with arteriosclerotic heart disease and hyperthyroidism with con- 
gestive failure and a large pericardial effusion showed a moderate fixa- 
tion of the electrical axis (7 degrees) during acute congestive failure. 
Normal rotation (25 degrees) of the electrical axis of the heart was 
found to exist, however, following the removal of 600 c.c. of fluid from 
the pericardial cavity and improvement of her congestive failure. 

The transient fixation in this case may have been due to tlie encroach- 
ment of the heart and pericardium on the other mediastinal contents 
and the simultaneous limitation of motion of the diaphragm by ascites 
and hepatomegaly."'" 

CONCLUSIONS 

1. Normal rotation of the electrical axis of the heart may occur in pa- 
tients with extensive chronic adhesive mediastinopericarditis and does 
not exclude the presence of this condition. 

2. Fixation of the electrical axis is not pathognomonic of anatomical 
fixation of the heart by chronic adhesions. 

3. It is suggested that Avhen fixation does occur, the mobility of the 
heart has been limited in both median longitudinal and horizontal planes. 
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TRANSIENT, RECURRENT, COMPLETE BUNDLE-BRANCH 

BLOCK 

Report of a Case^ 

Fredrick A. Wileius, M.D., and Mark J. Anderson, M.D. 

Rochester, Minn. 

T he occurrence of electrocardiograms displajdng complete biindle- 
brancli block is confirmatory evidence of ivell-marked heart dis- 
ease. There are, however, occasional exceptions to this rule. Further- 
more, the electrocardiograms of complele bundle-branch block are 
likely to remain I’emarlvably unaltered during 1he rest of the patient’s 
existence. Exceptions to this likcAvise occur. Onr report deals with 
snch departures from the rule. 

Few reports regarding temporary bnndle-brancli block are available 
in the literature. In 1927 Willins and Keith reported three eases of 
transient, incomplete bnndle-braneh block occurring with heart failure 
and disappearing witli the restitution of cardiac function. Pulmonary 
edema coincided with the appearance of the abnormal electrocardio- 
graphic records in two cases. Baker, in 1930, reported a case of 
complete bundle-branch block, occxuTing temporarily in an elderly 
man, the presence of Avhich seemed to be related to the occurrence of 
auricular fibi’illation and to periods of tachycardia that disappeared 
when the heart became sloived and also during the inhalation of oxy- 
gen. More recently Morris and McGuire reported two cases of tran- 
sient, complete bundle-brancli block. The fir.st occurred in a woman 
aged forty-six years in an attack of pulmonary edema ; the second, in 
a woman fifty-one year’s of ago during acute heart failure following 
abdominal exploration and cholecystectomy. 

The mechanism evidently responsible for the development of bundle- 
branch block in the six previously reported cases rvas that involved 
in myocardial changes consequent to heart failure. Wolfl:, Parkinson, 
and White have observed transient bundle-branch block in apparentlj'' 
healthy children and in jmung adults who were prone to paroxysmal 
tachycardia. We have from -time to time observed bundle-branch 
block as a temporary phenomenon in the course of cardiac infarction 
and occasionally during the combined administration of digitalis and 
quinidine sulphate. 

In the case forming the basis of this report none of the foregoing 
factors was present, which adds to the interest of the phenomenon. 

*Prom the Division of Medicine, the Mayo Clinic. 
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REPORT OP CASE 

Case 1. — A man, aged sixty-tliree years, came to tlie Mayo Clinic because of pro- 
gressive dysuria. He bad been very active and energetic, be was accustomed to 
assuming serious responsibilities, and be was in great demand as a public speaker. 
He bad continued to carry these burdens and considered himself still fit to resume 
liis strenuous and varied aeti^'ities. He liad been unusually well tbrougbout his life- 
time, with the exception that be bad bad scarlet fever in childhood and infiuenza in 
the pandemic of 1918. He coinjolained of frequency of urination, particularly at 
night, and thought that he was not emptying his bladder completely. In the pre- 
ceding two or three years he had been slightly short of breath on undue effort; 
although a year prior to his admission he had ascended a high mountain and had 
experienced little difficulty. There had been no anginal seizures, and no evidences of 
congestive heart failure had been present at any time. 

Examination revealed the patient to be of average stature. The peripheral 
arteries were moderately thickened. The heart did not appear to be enlarged, the 
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1. Figr. 2. 

anfoAG-;;fond!T-R^^nte?v°^‘’i!2l intervals 0.17, 0.17. 

intervals 0.17. 0.17, 


rhythm was regular, the tones were of good quality, no murmurs were audible, and 
the aortic second tone was accentuated. Tlie prostate gland on palpation was found 
to be moderately, although diffusely, enlarged, and it was firm. The systolic blood 
pressure in millimeters of mercury ranged from 163 to 186 and the diastolic from 
90 to 100. The examination otherwise revealed no important findings. Urinalysis 
disclosed the specific gravity to be 1.026; the urine was acid in reaction, there was 
no albuniin or sugar present, and only a few leucocytes were found. There were 

m TVrf hemoglobin was 14.7 mg. per 100 e c of 

ood (88 per cent Dare), erythrocytes numbered 4,500,000 and leucocytes 6,000 per 

2^ to “f mg per 100 c^’ ^‘^“^“tration of urea nitrogen fluctuated from 

sclerosis 

heart revealed no appreciable enlargeLnt- and il el / ^ 
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made of benign, prostatie hypertrophy, essential hypertension, and arteriosclerotic 
cardiac disease with complete left bundle-branch block. 

Transurethral prostatic resection was performed December 19, 1933, with the 
patient under spinal anesthesia. There was no api^reciable reaction. The patient 
made an uneventful recovery and was dismissed January 8, 1934. 

DESCRIPTION OP ELECTROCARDIOGRAMS 

Tlie first record, obtained September 21, 1933, revealed typical, complete left 
bundle-branch block. The QES intervals were 0.17, 0.17 and 0.16 second in the three 




Fig-. 3. — December 15. Sinus bradycardia ; inverted T-wave, Lead III, prolonged S-T 

interval 0.38- second. 



Pig. 4. — December 21. Lead I. Transition between normal rhythm and complete 

left bundle-branch block. 


leads respectively. The ventricular components in Lead I were the mirror image 
of those in Lead III, and marked distortion in the contour of the QES complexes 
occurred in all leads. Delayed A-V conduction also was present. The P-B interval 
measured 0.24 second (Pig. 1). Another electrocardiogram was taken two days later, 
and was identical in all respects to the one described. 

It was difScult for the patient to accept the diagnosis of heart disease owing to 
the paucity of symptoms, and, on his return home, two electrocardiograms were taken, 
both of which showed the absence of bundle-branch block. This immediately raised 
the question of the existence of a transient abnormality, and we requested the patient 
to return for further observation. 



WILLIUS AND ANDERSON; BUNDLE-BRANCH BLOCK 


251 


He returned November 13, 1933, and the record obtained Avas identical Avith those 
under previous dates (Nig. 2). It then Avas necessary for the patient to return 
home, and he decided to return in a feAv Aveeks for the operative relief of the 
dysuria. OAA’ing to the continued discrepancy in the electrocardiograms, he con- 
sulted still another physician at his home who made two electrocardiographic examina- 
tions; the bundle-branch block was absent on both occasions. 

The patient returned to the clinic December 15, and the first tracing obtained 
showed the absence of bundle-branch block and delayed A-V conduction (Fig. 3). 
The QRS complexes Avere all normal in contour and time ; the T-AvaAms Avere inverted 
in Lead III and Avere identical mirror images of the noAV upright T-Avaves in Lead 
I. A prolongation of the S-T interval occurred (0.38 seconds). On the folloAving 
day the bundle-branch block had reappeared. December 19 the block was absent 
but reappeared on the next day. December 21 Ave obtained an electrocardiogram 
shoAving the transition between normal conduction and complete left bundle-branch 
block (Fig. 4). It is interesting to observe the abruptness of these changes, oc- 
curring AA'ithout intermediate configuration of the comj)lexes. December 22 both 
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Fig. 5. January 2, 1934. Sinus bradycardia; inverted T-waA’e, Lead III. 

left bundle-branch block; prolonged P-R Interval 


normal and abnormal conduction occurred on tAvo different occasions. Tavo records 
obtained December 23 revealed normal conduction. The record, January 1 1934 
showed normal conduction (Fig. 5); and the last tracing, January 5, again shoAved 
complete, left bundle-branch block and delayed A-Y conduction (Fig. 6). 




Bundle-branch block occurs most frequently, but not exclusively 
witb coronary disease, and the nutidtional impairment thus imposed 
on the heart may find expression in faulty conduction. This is the 
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The presence of delayed A-Y conduction during the ])eriods of 
bundle-branch block is interesting and indicates a rather profound 
and ascending interference in impulse conductivity. The fact that 
both bundle-branch block and delaj'^ed A-Y conduction occur tran- 
siently denotes that the heart still has the ability, probably through 
spontaneous augmentation of its own circulation, to recover sufficiently 
to permit relatively normal conduction. Even though obseiwations 
such as these have been made infrequently, it seems ijrobable that 
transient, complete bundle-branch block is not a rare condition. It 
is not improbable that diudng the development of this abnormality 
periods of normal conduction may occur, and the establishment of 
bundle-branch block may be not abrupt but gradual; the failure in 
recognizing this condition as transient, complete bundle-branch block 
may lie in the absence of opportune electrocardiograms. This explana- 
tion also is time when applied to complete heart-block, Avhich freqitently 
is a transient disorder at the time of its inception. 
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Departmeat of Clinical Reports 


PERICARDIAL EFFUSION FOLLOWING- ACUTE CORONARY 

VESSEL CLOSURE'^' 

SiBNEY P. Schwartz, M.D. 

New York, N. Y. 

T he following case is of tmnsnal interest because from a study of 
the literature I believe it to be the first recorded instance of peri- 
cardial effusion following an acute coronary vessel closure. 

REPORT OP CASE 

D. M., a Jewish male, aged fifty years, -was admitted to the Moatefiore Hospital 
on November 9, 1933. He had been perfectly -well -until June 10, 1933, -when after a 
hard day’s work he experienced a sharp substernal pain -with radiation to the loft 
shoulder and down to the inner side of the left arm. He took some sedative for the 
relief of the pain but vomited. He returned home that evening, and after two days 
his pain subsided somewbat, but he felt weak, perspired very freely, and suffered 
from marked dyspnea and gaseous eructations. 

His dyspnea increased very markedly so that the only "way he could obtain 
comfort w’hile in bed was by sitting up with his head resting far forward on Ms 
folded arms. The patient was seen on July 7, 1933, by Ernst P. Boas, who at that 
time found the patient e.vtromely dyspneic. There -was dullness and marked bronchial 
breathing at the left base posteriorly below the angle of tlie scapula. The heart 
sounds were barely audible, aud there was a to-and-fro friction mb heard best at 
the fourth intercostal space to the left of the sternum. In that region the heart 
borders percussed as far out as both anterior axillary lines. The heart rate "was 
normal. The blood pressure -was 90 systolic and 60 diastolic. A bedside roentgeno- 
gram obtained at this time (Fig. 1} revealed an nnnsual dilatation of tbe heart 
shadow which, in the presence of a pericardial friction rub, suggested effusion in the 
pericardium. 

Three hundred and fifty c.e. of clear, straw-colored fluid were withdrawn from 
the pericardial sac with a needle inserted in the seventh intercostal space belo-w the 
left shoulder blade. There was immediately very marked relief, and the patient’s 
dyspnea disappeared gradually. 

On July 26, 1933, he was admitted to Brcsbyterian Hospital, where a diagnosis 
of myocardial infarction was made. At that institution notice was taken of a bulge 
m the left ventricular region which was diagnosed as an intrapericardial aneurysm 
of the left ventricle. The character of the cardiac contour was consistent with the 
reaeeumnlation of pericardial fluid. The patient’s course was prolonged by recur- 
rences of Ms cardiac pain. There were several episodes suggesting fresh occlusions. 

On August 21, 1933, a thoracentesis was performed with nithdrawal of 350 c c 
of straw -colored fluid from the left chest. During his stay at Presbyterian Hospital 

LiSm, Division of the Monteflore Hospital, Service of Dr. Leopold 


253 



254 


THE AHIERICAN HEART JOURNAL. 


the signs of pericardial effusion finally disappeared and the electrocardiogram showed 
intraventricular conduction disturbance of the bundle-branch type. 

On admission to the Montefiore Hospital the patient M’as quite comfortable. There 
was no dyspnea or cyanosis of the lips. The apical impulse of the heart was in the 
sixth intercostal space in the anterior axillary line. There was a marked dispropor- 
tion between the thrusts of the heart, which were visible, and the sounds over the 
same region of the ape.x, which ivcre very weak. Fluoroscopic and radiographic 
examination of the chest showed a slight increase in the central pulmonic areas. The 
heart shadow showed a definite bulging in the upper part of the left ventricle, the 
pulsations of which were slight, wavelike, and opposite in direction to those of the 
pulmonic conus lying just above (Fig. 2). The left ventricle showed considerable 
enlargement also in the oblique, view, and the bulging in its upper portion was seen 
to be increased and gradually disappearing when the patient was rotated in the left 
lateral position. The pulmonary conus itself showed only slight enlargement, while 
the inflow tract of the right ventricle was also enlarged. The left auricle occupied 
a high position on the right side forming a part of the right border in the antero- 
posterior view. It was not enlarged. 



Fig. 1. Fig. 2. 


Figr. 1. — Bedside plate obtained on July 7, 1933, showing effusion in the peri- 
cardium. 

Fig. 2. — comparison plate obtained on November 24, 1933, when the patient 
was ambulatory, showing the concentric liypertrophy of the left ventricle with a 
bulging aneurj’sm in Its upper bordei', the result of a coronary occlusion of probably 
the descending branch of the left. Note the absence of pericardial effusion. 


After a short period of convalescence in bed the patient was encouraged to do 
graduated exercises so that at the present time he is ambulatory and back at work 
as a photographer. 

SUMjMARY 

A case is reported o£ a man, aged fifty years, who developed peri- 
cardial effusion follondng an acute coronary vessel closure. This diag- 
nosis was established from both clinical and roentgenographic signs. 
Following paracentesis of the pericardium there ivas great relief in 
symptoms, although the fluid reaccumulated subsequently. With further 
rest in bed and a thoracentesis the patient became ivell and is at pres- 
ent ambulatory. 


PORTAL OBSTRUCTION IN RHEUMATIC HEART DISEASE 
WITH ADHERENT PERICARDIUM: RUPTURE OF 
RETROPERITONEAL VARIX WITH FATAL 
HEMOPERITONEUM^^ ‘ 

Samuel A. Feldman, M.D., and Hakry Gross, M.D. 

New York, N. Y. 

W E ARE reporting an unusual ease of rheumatic heart disease 
with adlierent pericardium and a clinical picture of portal cir- 
rhosis in which death occurred from rupture of a retroperitoneal varix 
with intraperitoneal hemorrhage. Such a complication is extremely 
rare even in cases of true portal cirrhosis. Bezza^ has rejported hemor- 
rhagic pseudoeyst formation of the mesentery with fatal hemoperi- 
toneum in an individual with portal cirrhosis. Dechaume- described a 
case with fatal intraperitoneal hemorrhage as a complication of syph- 
ilitic cirrhosis of the liver. 


REPORT OP CASE 


P. T., a female, aged eighteen years, was admitted to the Montefiore Hospital 
on January 26, 1933, with dyspnea and SAvelling of the abdomen as her chief com- 
plaints. At the age of seven years she had had chorea. One year later, following 
a sore throat and tonsillitis, she had migratory joint pains. Numerous sore throats 
subsequently recurred, at least once a month. A heart lesion was diagnosed at the 
age of eleven years when weakness and pallor were observed. In September, 1929, 
at the age of fourteen, years, dyspnea on slight exertion was experienced, and one 
year later signs of congestive heart failure with slight edema of the ankles 
appeared. She entered a hospital where the congestive failure subsided. However, 
recurrent bouts of congestive heart failure necessitated numerous admissions to 
various hospitals for tlie restoration of compensation. In June, 1932, swelling of the 
abdomen was observed for the first time with very slight edema of the ankles. 
The patient was admitted at tliat time to another institution where six paracenteses 
of the abdomen were performed for recurrent ascites. Her condition gradually 
became worse, and she was transferred to the Montefiore Hospital as a case of 
chronic congestive heart failure. 


E-\-amination on admission to the Montefiore Hospital revealed an extremely ill- 
looking young woman, orthopneie, markedly dyspneic, with cyanosis of the lips, 
ears, and tip of the nose. The skin and sclerae had an. icteric hue. The nasal 


septum revealed a large perforation anteriorly. The superficial neck veins were 
markedly distended and sliowed a totally irregular ventricular type of venous pulse. 
The trachea, was in the midline. Over the anterior chest wall and the abdomen 
the superficial veins were markedly dilated, prominent, and tortuous 

The apical impulse of the heart was in the left anterior axillary' line at the level 
o^^sixth intercostal space. There was marked systolic retraction in the apical 
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region; change of position did not affect the location of the apex. A diastolic 
thrill was felt at the apex where there was heard a rumbling diastolic murmur pre- 
ceded by a rough systolic murmur. In the aortic region there were blowing murmurs 
throughout sj'stole and diastole. The second heart sound in the pulmonic region 
was markedly accentuated and reduplicated. Auricular fibrillation with a rapid 
ventricular rate of 120 beats per minute was present. The blood pressure was 120 
systolic and 40 diastolic. The peripheral vessels revealed a Corrigan pulse and pistol- 
shot sounds over the femoral arteries, but no capillary pulsations were noted. A 
few rales were heard at the base of the left lung. There was no evidence of 
hydrothorax. 

The abdomen was markedl}’ distended, with bulging of the flanks aJid protrusion 
of the umbilicus. Wliitc striae were prominent over the lower part of the abdomen. 
A definite fluid wave was present. The liver was very large, pulsatile, and extended 
down to the pelvic brim, 12 cm. below the right costal margin in the midclavicular 
line. The spleen was also markedly enlarged, its edge extending 4 cm. below the 
left costal margin. 

In striking contrast to the marked ascites, the lower extremities revealed only 
slight pitting edema. The venous pressure Avas markedly elevated, 25 cm. of blood. 
The circulation time by the decholin method (antecubital vein to tongue) Avas 
markedlj’ prolonged, .^2 seconds. 

There Avas a moderate secondary anemia with a hemoglobin count of 60 per cent 
(Sahli). The erythrocytes numbered 3,500,000 per cubic millimeter. The leucocyte 
count and differential smear Avere normal. The blood IVassermann reaction and 
the Kahn precipitin test Avere negative. The blood serum albumin Avas 3.50 and the 
serum globulin 1.72 grams per 100 cubic centimeters of blood. 

X-ray and fluoroscopic examinations of the chest revealed marked enlargement 
of the left A’entriele and of the left auricle, part of the loft auricle appearing on the 
right border of the heart Avhon vioAved in the anteroposterior position. There Avas 
moderate enlargement of both the infloAv and the outfloAV tracts of the right 
ventricle. No definite enlargement of the right auiicle could bo demonstrated. Sev- 
eral areas of infiltration in the right infraclavicular region and one in the right 
mid-zone region Avere interj)rotod as indicath-e of ijulmonary infarctions. The 
central pulmonic vessels Avere very prominent. 

The electrocardiogram shoAved auricular fibrillation Avith right axis deA'iation. 

Course in the hospital: During her stay in the hospital the patient became pro- 
gressively Averse. She required paracenteses of the abdomen from one to three Aveeks 
apart, each one j-ielding 5 to 12.5 liters of fluid. Cultures of the abdominal fluid 
were repeatedly sterile. Despite the masshm ascites, edema of the legs Avas ahvays 
minimal. During the first tAvo months in the hospital her temperature Avas normal, 
aside from an occasional transitory rise to 101° D. Thereafter, hoAvever, a low grade 
fever persisted Avith rises up to 101° D., for AA'hich no adequate explanation could be 
found aside from the assumption that rheumatic actiAuty was present. Occasionally 
a hacking cough was noted, but no expectoration Avas produced. Dour months after 
admission the temperature gradually rose to 103° P., and thereafter varied from 
99° to 103.2° P. A blood culture obtained during this period AAms negative. 

In the middle of May, 1933, she developed mild diffuse abdominal pains folloAving 
the removal of nearly 11 liters of ascitic fluid at one time. Marked diffuse abdominal 
tenderness was elicited, but there was no rigidity. The pains persisted, the umbilicus 
became red, and an exploratory puncture of the abdomen yielded a homogeneously 
bloody fluid, culture of Avhich AAms sterile. Because of the numerous varices in the 
abdominal Avail, it was suspected that one of these veins had accidentally been 
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punctured during tlie last paracentesis. Her abdominal symptoms gradually 
appeared. Two weeks later, on June 2, 1933, the patient suddenly died while asleep. 

Necropsy— the important findings will he detailed.) The peritoneal cavity 
contained 2 liters of homogeneously bloody fluid. A large hematoma, 7 to 8 cm. m 
diameter, was found in the lateral wall of the right side of the abdomen just beneath 
the parietal peritoneum. It overlay a very markedly distended and partially throm- 
bosed vein which had ruptured. The hematoma had ruptured into the peritoneal 
cavity at one point. The vehis on the inner surface of the abdominal wall and 
those ill the retroperitoneal region were distended and tortuous. 

The heart was very large, weighing 1,100 gm. The pericardial sac was com- 
pletely obliterated, and the inferior vena cava was partially constricted and em- 
barrassed by adhesions as it entered the pericardial sac. Dense adhesions to the 
diaphragm were present. Microscopic examination revealed marked thickening with 
vascular fibrous tissue. The left ventricular wall measured 19 mm. and the right 
ventricular wall 6 mm. The myocardium revealed marked hypertrophy of the muscle 
fibers with numerous scars throughout, some deeply hyalinized. All the chambers 
of the heart were markedly distended. The aortic valve showed rolling and shorten- 
ing of the anterior and mesial leaflets with slight fusion of their commissures. The 
mitral valve was only slightly tliiekened along the line of closure in the lateral 
leaflet. The chordae tendineae were somewhat shortened and the papillary muscles 
considerably hypertrophied. Although the left auricle and pulmonary veins were 
enormously distended, the pulmonic conus was about normal in size. The tricuspid 
valve was slightly thickened and the lateral leaflet somewhat rolled. The papillary 
muscles were hypertrophied. The valvular measurements were: aortic ring 7.5, 
mitral ring 15.5, pulmonic ring 7, and tricuspid ring 16 cm. 

The right lung presented a few adhesions over the lateral portion of the upper 
lobe. A deep irregular scar in the lower portion of this lobe was apparently the 
residuum of an old infarct. A triangular wedge-shaped area of consolidation ex- 
tended from the hilum to the peripliery of the upper lobe. Throughout this area 
rmmerous small tubercles and several larger caseorts nodules were observed, with little 
evidence of fibrosis. At the hilum and in the lower lobe several sharply defined, 
caseous nodules were noted. Microscopic sections revealed an extensive tuberculous 
pneumonic process in the consolidated region; typical tubercles and areas of casea- 
tion were seen. The left lung was markedly edematous but there was no evidence 
of tuberculosis. 

The liver was massirm and firm, weighing 2,200 gm. The hepatic venous radicles 
were markedly distended. The portal and splenic veins were patent and distended. 
The portal vein appeared to be kinked at the hilus of the liver. The capsule of 
the liver was thickened irregularly and presented fibrinous deposits. On section the 
liver was nutmeg in appearance. Microscopically the picture was that of extensive 
chronic passive congestion compressing the surrounding liver tissue, with some central 
fibrosis and atrophy and moderate fatty changes. In some areas there was con- 
nective tissue replacement within the central portions of .the lobules. 

The spleen was moderately soft, weighed b50 gm. and revealed the histological 
picture of marked chronic passive congestion. 


COMMENT 


Our case presents the unusual feature of clinical portal ohstraotion 
associated with fatal intraperitoneal hemorrhage from a ruptured ab- 

pathological examination tLc was a 
ed pancarditis, the etiology of which was prohaWy rheumatic 
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Willie active tuberculosis of the right upper lobe of recent origin was 
present, the findings lead us to believe that this condition had no 
causative relation to the adhesive pericarditis and to the condition 
simulating portal cirrhosis. 

A clinical picture of cirrhosis of the liver and negative findings at 
necropsy is not uncommon in adherent pericardium, whether due to 
tuberculosis or to rheumatic heart disease. Fi-iedl Pick® and R. C 
Cabot^ many years ago called attention to eases of long-standing peri- 
carditis with a clinical iiicture of portal cirrhosis. The course was one 
of dyspnea, large liver, and recurrent ascites requiring repeated para- 
centeses, with only slight edema of the legs. At necropsy only an ad- 
herent pericardium and nutmeg liver were found. There was no evi- 
dence of portal cirrhosis histologically. 

The mechanism by which chronic congestive heart failure due to 
adherent pericardium produced a picture of portal obstruction in our 
case warrants further comment. Marked chronic passive congestion 
of the liver occurs as a rule with increased venous pressure in the 
hepatic veins and failure of hepatic venous compensation in cases of 
(1) increased pulmonary vascular pressure following rheumatic heart 
disease with mitral stenosis, or long-standing hypertension and coro- 
nary artery disease, (2) extensive fibrotic pulmonary lesions or em- 
physema with narrowing or obliteration of a great part of the pul- 
monary vascular bed, (3) tricuspid valvular lesions, (4) constriction 
by pericardial adhesions of the inferior vena cava as it enters the peri- 
cardium, and (5) thrombosis of the hepatic veins. lai long-standing 
congestive heart failure, dilatation of the hepatic veins is common. In 
tricuspid disease particularly the intrahepatic venous pressure may be 
enormously increased, and it is with this lesion that so-called “cardiac 
cirrhosis" and ascites are most commonly associated. In like niaainer 
consti'iction of the inferior vena cava by pericardial adhesions would 
throw an even greater burden on the hepatic and central veins with 
resultant markedly increased venous pressure in this region. Accord- 
ing to Moschkowitz® the long-standing increased venous pressure in 
the liver leads to phleboselerosis of the central and hepatic veins. 
Connective tissue is deposited in the capillaries around the central 
veins. This in turn throws an additional burden on the portal venous 
system with, eventually, the production of ascites. Thus the mecha- 
nism is essentially that of the portal obstruction caused bj porta 
cirrhosis. Another significant factor in our case may have been the 
kinking of the portal veirr near the hilus of the liver, although t le 
portal vein and its tributaries were patent. 

Eohde® calls attentiorr to the activity of the diaphragm and its 
effect in aiding the flow of venous blood from the lieiratic 
inferior vena cava into the right auricle. He points out that ac rcre 
pericardium ma}' hinder the activity of the diaphimgm and t lus 
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anotlier factor producmg eougestion in the inferior vena cava and the 
hepatic veins. Of great significance is the experimental work o 
Rehn,^ who produced varying degrees of narrowing of the inferior 
vena cava. Stasis in the region of the inferior vena cava resulted. 
The caval stenosis hindered the flow of blood to the heart and pro- 
duced insufficiency of the right auricle due to inflow stasis. As a result 
of the congestion, degenerative processes in the liver parenchyma set 
in with, eventually, proliferation of connective tissue in the walls of 
the central and sublobular veins and obliteration of their lumina. In 
every case, increased jieritoneal fluid resulted. No edema of the legs 
was observed. The azygos vein beeame dilated, but no hydrothorax 
was noted. 

In our case the exte.nsive pericardial adhesions to the diaphragm 
probably played a contributorj’' role to that of the constriction of the 
inferior vena cava by pericardial adhesions, embarrassing the circula- 
tory dynamics of the hepatic venous system and producing the clinical 
picture of portal obstruction. 


SUMMARY 

1. A case of healed rheumatic heart disease with adherent pericar- 
dium and a clinical picture of portal obstruction is reported. Death 
occurred from a ruptured retroperitoneal varix with heraoperitoneum. 
Active pulmonary tuberculosis was an incidental finding at necropsy. 

2. The mechanism of so-called “cardiac cirrhosis” and its relation 
to the production of a picture of portal obstruction are discussed. 
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ELECTROGARDIOGEAPHIC EVIDENCE OF RECENT 
CORONARY THROMBOSIS SUPERIMPOSED ON 
BUNDLE-BRANCH BLOCK RESULTING PROM 
PREVIOUS CORONARY DISEASE 

Paul D. White, M.D. 

Boston, Mass. 

L ittle has been noted or written about electroeardiogi*aphie evi- 
j dence of recent coronary thrombosis superimposed on electrocar- 
diographic evidence of previous coronary disease. Therefoi’e it is of 
interest and importance that I present a clear instance of such evi- 
dence with post-mortem examination. Here a change in the T-waves 
(Pig. 1) was discovered a fcAv weeks after a late coronary thrombosis 
superimposed upon antecedent bundle-branch block which accompanied 
a history of ten years of angina pectoris and of an earlier coronarj’- 
thrombosis; the first nijmeardial infarction preceded the second by 
three years. I have discovered no report of this finding in the litera- 
ture, nor other examples in the electrocardiographic file of the Mas- 
sachusetts General Hospital. 


CASE REPORT 

E. A. P., male, architect, first consulted me on November 8, 1929, at the age 
of sixty-one years, seven years after the onset of angina pectoris on. effort (high 
substernal oppression lasting a few minutes at a time) and five months after an 
attack of coronarj’ thrombosis which occurred during a trip to the Pacific Coast. 
For the first three years of the angina pectoris he was not much troubled by it; 
then it increased in frequency and severity, and after two more years, that is, in 
1927, it was associated with aching in the right arm and came -with excitement and 
nervousness as well as on exertion. In 1928 nitroglycerin was prescribed, and this 
drug quickly relieved the individual attacks. 

His 'past history gave a record of measles, mumps, and chickenpox in childhood, 
typhoid fever and pneumonia at about forty years of age, a nervous breakdown at 
forty-nine years, herpes zoster at fifty-eight years, and renal calculus with passing 
of the stone in Los Angeles in the summer of 1929. 

His hahits were good. He used little tobacco, tea or coffee, and alcohol mod- 
erately. He took regular exercise. 

His family history disclosed the fact that his father had had angina pectoris for 
®aany years (estimated at twenty-five by the patient) before his death at the age 
of eighty years. His mother lived to be seventy-eight years old. A grandfather 
died at ninety-eight years. One brother and two sisters were alive, all troubled 
with “heart disease.” Another sister had arthritis, and two other sisters died in 
youth. 

Physical exannination by myself on November 8, 1929, revealed a tall, well- 
developed and nourished man, deeply tanned and apparently the picture of health. 
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His breathing rvas normal. The pupils were equal and reacted normally to light. 
There was a slight arcus senilis in both eyes. The thyroid gland was not enlarged. 
The teeth were mostly false. The tonsils were small. There was no abnormal pulse 
in the neck, either arterial or venous. The heart rvas somewhat enlarged, with apex 
impulse and left border of dullness at the sixth, rib, 10 cm. to the left of the niid- 
sternal line and just beyond the midclavicular line. There was no abnormal dull- 
ness at the base of the heart or to the right of the sternum. The heart sounds 
were rather poor in quality, and there was a slight protodiastolic gallop rhythm at 
the apex. There were no murmurs or thrills. Occasional premature beats were 
heard. The pulse was normal in form and the radial arteries were soft. The lungs 
were clear and the abdomen was normal. There was no edema over the shins. The 



(Heads I, II and III) of patient H. A. F first (Aue- 


knee jerks were normal. The pulse rate was 84 and the blood pressure was 165 mm. 
mercury systolic and 100 mm. diastolic with slight alternation (5 mm.). 

Electrocardiograms Nov. 8, 1929, Aug. 26 and Nov. 24, 1930, May 19 Au? 17 
and Nov. 2^1931, and Heb. 29, 1932, showed bundle-branch block with left axis 
deviation (Hig. 1 A) and ventricular premature beats in the 1929 record On 

on tint r temporarily absent; the electrocardiogram 

on Hiat day showed normal rhythm at a heart rate of 70 with marked • 

deviation but narrow QRS waves within normal limits of durst f a i 
upright T-waves throughout. duration and low but 
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Coivrse of Illness. During tlie next three years and until his death I examined 
this man at intervals of three to six months. For these examinations lie was able 
to come to my office except in the summer of 1932, when I saw him at home during 
his acute illness with coronary thrombosis. 

Through the spring and summer of 1930 he improved considerably, having only 
occasionally a little angina pectoris if he hurried when carrying a bundle or if he 
became angry. He required only about 8 tablets of nitroglycerin a month. The 
only otiier medication was the use of metapliyllin or theominal at times. If he did 
not hurry, he Avas able to do a good deal Avitliout discomfort: he Avas busy in his 
Avork, frequently walked several miles a day, often SAvam, and even climbed six flights 
of stairs at a time. In May, 1930, not only did he show much subjective improve- 
ment, but his gallop rhythm, pulsus alternans, and even his bundle-branch block 
Avere no longer present. His blood pressure averaged about 150 mm. systolic and 90 
mm. diastolic. In the Avinter of 1930-1931 he was not quite so well but nevertheless 
quite active and in a fair state of health. His bundle-branch block had returned. 
In the spring and summer of 1931 he again gained in health and could go sometimes 
for a Aveek without requiring nitroglj'cerin. Through the next fall and winter he 
AA'as not quite so Avell, cold Aveather and business Avorrics apparently being re- 
sponsible. 

On July 23, 1932, he suffered an attack of scA'ere substernal pain radiating doAvm 
both arms and lasting altogether about eigliteen hours. Morphine and codeine gave 
partial relief. Fever and dyspneic spells followed for a fcAV days, and on July 27 
when I saAv him he shoAved some orthopnea, a return of his protodiastolic gallop 
rhythm at the cardiac apex, a reduced blood pressure (110 mm. systolic, 80 mm. 
diastolic), moderate engorgement of the neck veins, and slight enlargement of the 
liver. After digitalization and prolonged rest in bed he improA-ed greatly and on 
September IG he Avas able to come convalescent to my office. At that time his 
physical examination shoAved much the same findings as before the recent attack 
of coronary thrombosis, and there AA’as no sign or symptom of congestive failure. 
Angina pectoris had returned. 

On this date, September 1C, 1932, Ids electrocardiogram Avas of considerable in- 
terest, showing as it did not only the bundle-branch block, as before, but a change 
in the T-AA’aves, especially iu Lead III (Fig. 1 B), undoubtedly the result of the 
new myocardial damage. There Avas also a slight change in the QES waves. One 
ventricular premature beat Avas recorded in Lead II. 

In October, 1932, acute congestiA’e failure came on after undue exertion, and 
folloAving a Aveek of orthopnea and progressive failure the patient died (October 10, 
1932). 

Post-mortem examination. shoAved a A’ery large heart, Aveighing 800 grams, Avith 
hypertrophy and dilatation of both A^eiitricles. The left A’entricular Avail measured 
18 mm. in thickness except at an area of considerable thinning 2% cm. in diameter 
in the anterior Avail 2 cm. from the apex and 1 cm. from the interA’entricular sulcus; 
the right A’entricular wall Avas 8 mm. thick. Adjacent to the old scar in the anterior 
Avail of the left ventricle at the point of thinning mentioned above there Avas 
evident softening and necrosis of the muscle in tAVO areas — one to the left and near 
the apex 3 by 2 cjn. in diameter and the other at the junction of the anterior wall 
and the interventricular septum. Overlying these tAvo areas on the endocardium Avere 
two partly organized ante-mortem mural thrombi. There was a small firm scar in 
the myocardium of the left auricle near the tip of the appendage. 

Coronaries : On dissection the anterior descending branch of the left coronary 
arterj' Avas found to bifurcate into tAvo branches at a point 4 cm. beloAV the main left 
coronary division. Continuing distallj^ one of these branches coursed a trifle to the 
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left of the interventricular septum. This branch was found to be completely occluded 
for a distance of 2 cm. by a calcification of its wall. The second branch coursed dis- 
tally toward the apex of the heart in a region about midway between the left blunt 
border and the interventricular septum. This vessel was found to be occluded by 
a definite grayish red thrombus 2.5 cm. from the point of bifurcation. These two 
vessels were split in a Y-shaped manner to enclose the dimpled area on the surface 
of the ventricle. The right coronary showed marked arteriosclerotic changes with 
slight diminution in the lumen, but at no place was it completely occluded. The 
left circumflex coronary branch was comparatively free from arteriosclerotic changes. 
The orifices of both the right and the left coronaries were completely surrounded by 
atheromatous plaques, and their mouths were diminished in size, measuring approx- 
imately 3 mm. in diameter. The ascending thoracic aorta was somewhat atheromatous 
but showed very little calcification. The valves showed no abnormalities except 
for slight atherosclerosis. 


SUaiMARY 

A. ease is reported of electroeardiogTapliie evidence of recent coro- 
nary thrombosis, chiefly a change in the T-wave of Lead III consisting 
of a late inversion, superimposed on bundle-branch block from pre- 
vious coronary disease in a man who died at the age of sixty-four 
years, ten years after the onset of angina pectoris, three years after Ms 
first coronary thrombosis, and three months after his second coronary 
thrombosis. The bundle-branch block was found a few months after 
the first myocardial infarction, and the new T-wave change a few 
weeks after the second. 



CALCIFICATION OF THE MYOCARDIUM 
FOLLOWING CORONARY OCCLUSION 


A Case Report 

F. J. Hirschboeck, M.D, 

Duluth, Minn. 

D IAjMOND^ in reviewing tlie literature on mj'oeardial calcification 
discovered forty-four recorded instances. 

These cases were divided into three grouiis, due resiiectivelj^ to 
vascular disease in the heart, to some infection, or to toxic causes. 
The condition follows necrosis or certain forms of degeneration, ex- 
cepting fatty degeneration. Of those due to vascular disease the first 
instance of mj^'oeardial calcification obviously due to coronary disease 
was reported in 1768 by Bordenave.- Ten others due to vascular 
disease in the heart muscle have been reported since. That described 
by Seholz® most nearly approximates the findings as appended in this 
case report. 

CASE HISTORY 

Patient A. L., aged sixty years, male, laborer, first seen July 12, 1933, by Dr. 
K. W. Emanuel of Duluth. 

Present Complaint : Numbness of the left foot. 

History of Present Illness: The patient stated that the present illness began 
June 23, 1933, rrhen he contracted what he thought was the “flu.” He had a 
nasal discharge with some sneezing, felt tired, and had general aches and pains 
throughout his body. On July 5, 1933, he saw a physician, who advised him to 
go to bed and who told him ho had heart trouble. The specific data of the 
diagnosis, however, are Avanting. On July 11, 1933, his left large toe suddenly 
became cold, and Avitliin half an hour this numb and cold sensation had ex- 
tended as far as his knee. He entered the hospital on July 12. On inquiry it 
was found that the patient had always felt Avell except for some slight dyspnea 
on exertion which he had obserAmd occasionally for several years. 

Past Medical History; In 1916 the patient was told that he had heart trouble, 
although he neA’^er had any symptoms that appeared to be referable to his heart. 
However, he Avas sick in bed for two Aveeks at that time and AA'as thought to 
haA^e influenza. This history might haAm some bearing on the autopsy findings 
in this case, and may haAm indicated a disability incident to a coronary occlusion. 

Social History: Married, no children. Denies ever haAung had any venereal 
disease. Family history negative. 

Physical Examination: The patient was AA'ell developed and nourished and ap- 
peared to be- about sixty years of age. Color and strength appeared normal. 
Mental cooperation was excellent. 

The examination of the head and neck, including special sense organs, was 
negatiAm except for several carious teeth. 
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The examination of tiie chest indicated a moderate enlargement of the heart 
and an irregular rhythm probably due to an auricular fibrillation, but gave no 
other abnormal evidences. The lungs were negative. 

The pulse rate was 100 per minute and irregular. The blood pressure was 
133/90. 

Extremities: The left foot and leg up to a point below the left knee were cold, 
bluish in color and mottled. The knee reflexes were absent on the left side, and 
there was an inability to move the left foot or ankle. Sensation was absent 
in the left foot and leg to a point 1 inch below the knee. 

. A diagnosis was made of gangrene of the left leg, probably associated with 
his myocardial insufdeieney and auricular fibrillation. The obstruction to the 
circulation was probably due to an arterial embolus incident to intramural car- 
diac thrombi. 

On July 14, 1933, the left leg was amputated below the knee by Dr. E. E. 
Webber, and the immediate postoperative convalescence was characterized by 
no adverse developments. 

The gangrene appeared to continue up the left thigh, and on July 23 it was 
found necessary to* disarticulate the left leg at the hip. It was found that all 
the large vessels, arterial and venous, were thrombosed. The patient ’s condition 
remained good, and his wound healed satisfactorily. 

On September 11, 1933, the patient became stuporous and developed a paraly- 
sis of the entire left side of the body. He finally lapsed into coma, and died 
September 16, 1933. 

The diagnosis of the condition immediatel 3 ^ preceding his death was that of 
a cerebral embolism in the right hemisphere. 


Autopsy Findings; Upon opening the thoracic cavity there were extensive and 
tough fibrous adhesions over the left upper lobe and between the lower lobe, 
left, and the diaphragm. The right lung showed a few fibrous adhesions to the 
diaphragm. Upon opening the pericardium the anterior surface of the left ven- 
tricle was found attached by tough fibrous adhesions to the anterior wall of 
the pericardial sac. The adherent part of the left ventricle showed extensive 
calcification. The heart contained some clotted blood and the left ventricle 
small masses of mural thrombi. The anterior part of the left ventricle bulged 
forward, quite thin and densely calcified in an area measuring about 7.5 by 6.5 
cm. This area, which was quite rigid, had the shape of half of the shell of an 
egg, its concavity forming part of the internal surface of the left ventricular 
septum. The left ventricle and the left auricle were somewhat dilated. The 


mitral valves showed a very cloudy yellowish area, the aortic valves slightly 
thickened and sufficient. The coronary arteries showed marked arteriosclerotic 
changes, and the anterior descending branch of the left coronary was partly 
obliterated. The heart weighed 480 gm. The left lung weighed 600 gm., the 
right lung 500 gm. Both apices showed fibrous areas. Both lungs revealed areas 
of bronchopneumonia in their posterior and lower parts. There was a small 
embolus in the left lower branch of the pulmonary artery and a large embolus 
in the main branch of the right pulmonary artery. In the right lower lobe was 
a large hemorrhagic infarct. The bronchi were somewhat diffusely dilated and 

rna”'''?! seromucoiis purulent material. Their mucosa was quite con- 
gested. The hilus glands showed nothing of note. 

markod chronic congestion Thr - • -u ^ showed 

congestion. The remaining abdominal organs showed nothing 
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of importance. The left external iliac artery was thrombosed up to the point 
of bifurcation of the left common iliac artery. The left iliac vein was throm- 
bosed. The aorta showed arteriosclerosis Grade II. 

Upon opening the skull, the dura was somewhat adherent to the internal 
surface of the skull. The internal surface of the dura was smooth. The sinuses 
of the dura contained partly clotted blood. The convolutions of the brain were 
somewhat flattened, and there was but little subarachnoidal fluid. The arteries 
of the base of the brain showed a few quite small yellowish spots. The right 
middle cerebral artery was closed by a small embolus and a massive thrombus. 
The ventricles of the brain contained some slightly bloody fluid. There was a 
large area of softening of the right cerebral hemisphere, involving mainly the 
right temporal lobe and extending to the lenticular nucleus and the internal 



Pig:. 1. — ^Roentgenogram of heart taken post mortem, illustrating' plaque calcification 

of left ventricle. 

\ 

capsule. The left cerebellar hemisphere showed also a large area of softening 
which involved about four-fifths of the lobe. 

The roentgenogram shown in Fig. 1 indicates clearly the degree of density 
and the extent of the calcified plaque in the left ventricle. 

Microscopic Examination . — Sections have been made after dec.alcification through 
the densely calcified areas of the wall of the left ventricle. Those areas are 
formed by masses of fibrous connective tissue with only a few cellular elements. 
In the calcified areas the nuclei cannot be recognized. The tissue is hyaline and 
densely infiltrated with lime salts. A few bundles of muscle fibers which are 
embedded in the fibrous areas surrounding the calcified parts are atrophied and 
show a definite increase of the interstitial connective tissue. In some areas the 
tissue is infiltrated with a few scattered lymphatic cells. 
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SUMMARY 

An instance of myocardial calcification subsequent to coronary oc- 
clusion is reported in wliieb the plaquelike calcification involves the 
area of tlie heart muscle supplied normally bj’’ the occluded descend- 
ing branch of the left coronary artery. 
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NEW YOEK COMMITTEE ON CARDIAC CLINICS, 1934 

T he annual seientifie meeting of the New York Committee on 
Cardiac Clinics was held in New York Citj' on April 24, 1934, with 
Doctor J. Hamilton Crawford as jDresiding officer. 

The following are abstracts of papers presented or read by title : 


Fibers of the Purkinje System in the Walls of the Mammalian Ventricle. David 

I. Abramson, M.D. 

ABSTRACT 

It is generallj’ considered that the impulse in the heart, after spreading over the 
subendocardial Purkin.je S 3 'stem, leaves this network to extend throughout the ven- 
tricular musculature bj’ virtue of the conductivitj' of the mj'oeardiuin itself. How- 
ever, a studj' of beef, sheep and pig hearts bj' means of the injection method shows 
that these hearts contain, besides the subendocardial Purkinje network, another set 
of Purkinje fibers which penetrates the ventricular musculature. These mj’ocardial 
fibers extend practieallj' throughout the outer walls of both ventricles, reaching in 
manj’ sites as far as the cpicardium. Tliej' form plexuses and ramifications similar 
to the subendocardial network, of -which thej' are a continuation. In the outer wall 
of the left ventricle these m.yocardial plexuses are disposed in laj’ers which extend 
roughlj' perpendicular to the subendocardial network; -whereas in the outer wall 
of the right, the laj’crs are nearlj’ parallel to the subendocardial network and to one 
another. In the interventricular septum, mj'ocardial Purkinje fibers are also present, 
connecting the subendocardial network of the right ventricle with that of the left. 
Emploj’ing special staining methods, histological studies were made which confirmed 
the results obtained b.v injection and also demonstrated that in structure and stain- 
ing properties these mj’ocardial fibers are similar to the subendocardial Purkinje 
plexus. 


Growth of the Cardiac Silhouette and the Thoraco-abdominal Ca-vlty During In- 
fancy. The Influence of Ilndemutrition. Harrj’^ Bakwin and Euth Morris 
Bak-\vin. 

ABSTRACT 

At birth the cardiac silhouette lies anterior to the fifth to the tenth dorsal 
vertebrae. It is globular and more centrallj' placed than it is later in life. The 
left cardiac outline is ordinarilj' convex and oirlj' rareh’ shows the divisions seen 
in later life. During the first j-ear the heart grows rapidp’, the frontal x^lane 
doubling its area. At the end of the first j'car tlie heart silhouette is less horizontal 
than at birth. The left border often shows the divisions seen in later life, at times 
verj' prominentlj-. Averages and standard deviations for the dimensions by certain 
subdivisions of age under one j’ear were calculated. The transverse diameter of the 
cardiac silhouette is jjoorl.v correlated with total bodj’ length, bod.y weight, sitting 
height, biacromial diameter, bimalar diameter. There is .a low correlation -\wtli the 
thoracic width, measured roentgenologicallj'. The growth in size and shape of the 
cardiac silhouette in the health}- group was compared with that in a group of under- 
nourished infants. In the latter the cardiac silhouette grows more slowly tlmn in 
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healthy infants. The retardation in growth of the heart is greater , . 

total body length or thoracic width so that the heart becomes smaller, relatne 
total body length and to thoracic width, than is the case in normal infants. 

Results of Intensive Ambulatory Treatment of Advanced Cardiac Insufficiency. 

Meyer Friedenson, M.D. 

ABSTRACT 


Ambulatory treatment ivas applied to cases of advanced cardiac insufficiencj oier 
a period of several years. These individuals had hitherto required, numerous hos 
pital admissions. We ivere guided chiefly by the weight, degree of dyspnea, an 
ventricular rate. The chief problem ivas the control of fluid accumulation. Treat- 
ment consisted mainly of intensive use of diuretic measures. Fluid and salt intake 
was restricted by calculated diets. "Maintenance diuretics,” urea or ammonium 
nitrate, were given constantly to help prevent fluid reaccumulation. Frequent in- 
jections of salyrgan were used Avhen rapid action was necessary. Digitalis and other 
drugs Avere administered when indicated. Tlirough special arrangement the patient 
was treated at home if temporarily unable to attend the clinic. The fact that the 
patients can remain at home is of distinct psychological importance. It is not claimed 
that improvement thus obtained renders the patients less liable to sudden death. 
Whether life has actually been prolonged, we cannot say. There is no doubt, how- 
ever, that existence is made much more tolerable. Intensive ambulatory treatment 
with diuretic measures affords considerable relief for prolonged periods to many 
patients who do not respond to the usual methods. 


The Effect of Edema on the Amplitude of the Electrocardiographic Waves. Morris 

Goodman, M.D. 

ABSTRACT 

The object of this study ivas to determine u’hether edema is a factor in the pro- 
duction of low amplitude of the electrocardiographic Avaves of patients avIio have 
advanced heart disease. (1) Three dogs Avere made markedly edematous by the 
method of plasmaphoresis. Electrocardiograms Avere taken before, during, and after 
edema. The amplitude of the AvuA'es of Leads II and III iiA each instarree fell to 
about one-third the original height. The waA'es of Lead I remained unchanged or 
fell slightly. "When the edema disappeared, the amplitAides increased. (2) In seven 
animals localized edema was produced about the chest by infiltrating saline under 
the skin of that area. Electrocardiograms Avere taken before, during, and after 
infiltration Avas absorbed. Tlic results Avere similar to those obseiwed Avlien general- 
ized edema Avas produced. (3) In four animals 1,000 c.c. of saline Avere infiltrated 
into the thighs. In no instance Avas a fall in amplitude of the electrocardiographic 
waves produced. (4) In six patients 1,000 c.c. of saline Avere infiltrated into the 
chest Avail. Tlie amplitude of the electrocardiographic AA'aves shoAved little or no 
effect Avhen conventional leads Avere used but shoAved a consistent fall Avitli chest 
leads. Electrocardiograms of 27 patients were studied. These patients while under 
care lost a minimum of 6 kilograms of Aveiglff, representing edema fluid. Only 5 
showed a consistent increase in amplitude as the edema disappeared. The increase 
to ma-ximum amplitude occurred before all the edema disappeared. The loss of 
weight in this group was in excess of 12 kilogr-ams. There Avere others with an 
equal loss of Aveight Avho sboAvefl no change. Conclusions; (1) Edema fluid in the 
tissue close to the heart causes a decrease in the amplitude of the electrocardiogaphic 
waves uben the edema is of large and sufficient quantity. If the edema is localized 
It uill decrease the amplitude of the waves obtained by leadinv off frn„, fT. / 
tissue. (2) The edema need not be in the cardiac musculature. (3) 
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The amount of edema generally seen in patients ■with congestive heart failure has 
little or no effect on tlie amplitude of the electrocardiographic Avaves because it is 
rare to have it distributed to as high a level as the chest wall. 

Studies on the Myocardial Aschoff Body. Louis Gross, M.D., and Joseph C. Ehr- 
lich., M.D. 

ABSTRACT 

The clinical histories and anatomical material from seventy cases of uncom- 
plicated rheumatic fever Avith Aschoff bodies in the myocardium were investigated. 
A histological classification of the Aschoff body is suggested. This classification in- 
cludes seven types of lesions Avhich apparentlj' bear some relation to the life cycles 
of the Aschoff body. It is shown that these lesions pass through three phases. The 
earliest phases liaA-e been found to occur up to the fourth AA'eek after the onset of 
the illness; the middle phases, betAveen the fourth and thirteenth AA’cek, and the late 
phases from the ninth to the sixteenth Aveck. The earliest types of specific lesions 
occur in tAvo forms. As a consequence, the CA'olution of the lesions may take one of 
two courses, determined by the initial lesion. 

Some Observations Concerning the Use of Mercurials in Heart Disease. Eobert 
H. Halsey, M.D. 

ABSTRACT 

When the edema and anasarca of licart failure do not respond to digitalis and 
theophyllin therapy, preparations of salts of mercury may cause a diuresis and com- 
plete relief. The mercury salts vary in content and are said to contain 33.9, 39.0, 
and 41.1 per cent of mercury. Some preparations have a maximum and minimum 
percentage prescribed: "not loss than 38.0 per cent nor more than 41.0 per cent 
when calculated to the dried substance.” IntraA'cnous administration may produce 
a diuresis the amount of Avhicli AA-ill A’ary AA’ith the fluid intake. The repeated use 
of the preparation at short intervals may be associated AA’ith a decreasing output. 
A rest period of several days may be folloAA-ed by another period of large output 
succeeded by a day-to-day decreasmg output. Any one of the mercury preparations 
responds in this way — the relation of the size of the dose, or the mercury content to 
this variable output is not clear. It does not appear to be a response regularly 
proportionate to the mercury percentage of the preparation administered. One-half 
c.c. at one period may cause as profuse a diuresis as 2 c.c. of the same preparation. 
Elements of irritation, stimulation, and fatigue are apparently uncertain variables. 

Trans-Thoracic Electrocardiography; Clinical Use of the 9-Lead Hook-Up. (Lan- 
tern Slides.) Albert S. Hyman, M.D. 

ABSTRACT 

The conAmntional three-lead method of electrocardiographic study fails to reveal 
cardiovascular pathologj’ in 18 per cent of cases which post-mortem show extensive 
disease. The explanation lies in the fact that the original electrodjmamic triangle 
of Einthoveu concewes the heart in situ as a triangular plane. Lesions outside this 
mathematical formula fail to register. The original Avork of Waller Avith his 16 leads 
is reviewed. The heart is conceived as a solid organ represented as a. triangular plane 
turned on a vertical axis and thus producing a cone. The 9 diAdsions of the 
electrodynamic cone and their electrical mathematical formulae. The clinical use of 
the trans-thoracie leads. Description of the leads and the electrodynamic segments 
of the cone displayed. Demonstration of the 9-lead electrocardiographic hook-up. 
Normal records from birth to old age. Clinical histories of patients Avith un- 
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questioned cardiovascular disease but mtli normal three conventional lead eleptro- 
cardiograms. Eeexamination of these same cases by the 9-lead hook-up. The Wit- 
kin formula for the localization of coronary infarcts, with illustrative cases showing 
9-lead records and post-mortem specimens. Statistical data in regard to prog- 
nosis from localization. 

Convalescent Care of the Cardiac Child. Alexander T. Martin, M.D. 

ABSTRACT 

Analysis of 963 cardiac children ranging from six to sixteen years at three con- 
valescent homes (Martiue Earm, Eeed I’arm, and Nichols Cottage) near New York 
City. Study covers thirteen years and comprises 1,279 visits. Children were drawn 
from 54 institutions or agencies in Greater New York. Two hundred fifty-three or 
26 2 per cent of these cliildren have died, death being due in the majority of 
cases to a reactivation of the rheumatic state with carditis. Seven hundred and ten 
or 73.8 per cent are living. Average stay 152 days. Average gain in weight 6.1 
pounds. Etiological study shows 74.5 per cent to have had rheumatism. This in- 
cludes polyarthritis and chorea. Congenital heart disease 3.5 per cent. Cases studied 
are Groups ITA and IIB. Return visits show an increasing number in the IIB 
group. Value of tonsillectomy inconclusive. Active follow-up maintained in the 
710 living children, 45.4 per cent through cardiac clinics and 19.1 per cent through 
correspondence and home visits. Of the latter group 53.5 per cent under no medical 
supervision. Of 18 girls married, 5 have no children, 31 have one child, and 2 have 
two children. One of these died following cesarean section. Figures on incidence of 
rheumatic reactivation following return from the convalescent liome are not con- 
clusive because reliable criteria are not available in most cases. 


The Two-Step Test of Myocardial Function. Arthur M. Master, M.D. To be pub- 
lished. 


Ergotamine Tartrate in Paroxysmal Auricular Tachycardia, 
heim, M.D. 


ABSTRACT 


Charles J. Oppen- 


The various methods generally employed to secure an abatement of attacks of 
this troublesome condition indicate how ineffectual any one method has proved to be. 
Based upon the experimental studies showing that ergotamine tartrate has a de- 
pressing effect upon both augmentor and inhibitor sympathetic fibers, and tends 
to produce marked slowing of the heart rate, it has been given to patients during 
attacks, hypodermatically in doses of 0.0005 gm. In one case it was possible to ob- 
tain electrocardiograms during and immediately following cessation of the attack. 
In practically all cases cessation of the attack has been striking, prompt, and with- 
out apparent ill effect. It would appear that ergotamine tartrate is a valuable drug 
in the treatment of attacks of paroxysmal tachycardia. 


The Size of the Angle of Clearance of the Left Ventricle as a Criterion of Ven- 
tricular Enlargement. May G. Wilson, M.D. 

ABSTRACT 

Roentgenographic observations of 504 children between the ages of five and 

nfssil l ineJM normal children and subjects with 

possible, potential, and organic heart disease. Teleoradiosconv at a diatmi f + 
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anterior, left anterior, and right anterior oblique was made on each subject. Stand- 
ard degrees of rotation were used in the oblique positions. This is a simple, rea- 
sonabl.y accurate roentgenographic method for recognizing cardiac abnormality in 
children. The angle of clearance of the left ventricle in the left anterior oblique 
position differentiated with the greatest degree of frequencj' the normal from the 
abnormal heart, compared with measurements of the frontal plane of the cardiac 
silhouette. A normal angle of clearance of the left ventricle (of less than 55 de- 
grees) in the left anterior oblique position would seem to be a reliable radiological 
criterion. 

The Effect of Continuous Infusions of Minute Doses of Epinephrine on the Blood 
Pressure, Urea Excretion and Urine Volume in Various Clinical Conditions In- 
cluding Bright’s Disease. Charles A. Poindexter, M.D., and Herman 0. 
Mosenthal, M.D. 

ABSTRACT 

Richards observed that minute doses of epinephrine brought about a constriction 
of the efferent vessel of the glomerulus and a dilation of the afferent vessel and 
resulted in a definite increase in urinary secretion (frog). This observation was 
the stimulus for this experimental work because it was thought that its application 
might be of value in the treatment of uremia. By means of a Woodyatt continuous 
infusion apparatus epinephrine was given intravenously in doses of approximately 
0.0005 mg. per kilogram per minute. In two moribund patients with low arterial 
tension the injection of epinephrine resulted in an elevation of the blood pressure 
which was directly proportional to the dose of epinephrine and which was maintained 
during the period of the infusion. In patients with a normal or an initial elevated 
blood pressure (Bright’s disease) there is no notable rise of blood pressure with 
the amounts of epinephrine employed. The urea concentration in the uruie usually 
increased during the period of injection. The urine volume usually increased both 
during and several hours following the continuous infusion of epinephrine. No 
harmful effects were observed in any of the jjatients. 

The Action of Quinine and Quinidine on Patients With Transient Ventricular 
Fibrillation. Sidney P. Schwartz, Al.D., and Abraham Jezer, M.D. (Sec 
Ajiericax Heart J. 9: 792, 1934.) 

Studies on Transient Ventricular Fibrillation. IV. The Post-Fibrillatory Period: 
A Definite Clinical Entity. Sidney P. Schwartz, M.D., and Abraham Jezer, 
M.D. 

ABSTRACT 

Clinical and electrocardiographic studies were carried out on four patients with 
auriculoventricular dissociation .subject to transient seizures of ventricular fibrilla- 
tion. Many observations have revealed that the period immediately following a 
seizure of syncope due to transient ventricular fibrillation is of a definite pattern. 
When fibrillation of the ventricles ceases, the reeoverj' process to normal is charac- 
terized by a progressive increase of the idioventricular rate from 6-12 beats per 
minute to as high as 160 beats per minute befoi’e there is a return to the basic 
rhj-thm. This is characteristic of syncopal seizures associated only with transient 
ventricular fibrillation. In all other types of syncopal seizures, such as those associ- 
ated with standstill of the ventricles, the return to normal rhythm is totally dif- 
ferent. The existence of transient ventricular fibrillation as responsible for a 
syncopal seizure may be suspected in a patient if, following the period of syncope, 
the ventricular rate is found to have increased far above that of the basic level. 
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Sager, Robert V., Sohval, Arthur S.: Combined Syphilitic and Rheumatic 

Disease of the Aortic Valve. Arch. Path. 17: 729, 1934. 

Three eases of combined syphilitic and rheumatic disease of the aortic valve arc 
reported. In the presence of commissural syphilis, sclerotic deformities of the aortic 
valve usually oeeur. When rheumatic lesions are found elsewhere in the heart, it is 
at times impossible to decide from niaeroscopic examination alone whether rheumatic 
disease participated in the production of the aortic valvular defect. By the aid of 
established histologie criteria for the recognition of rheuiiiatie and syphilitic disease 
of the aortic valve it is possible to demonstrate such participation, if it exists. 
Emphasis is placed on the limitation of syphilitic changes in the aortic leaflets to 
their eoinmissural extremities in the great majority of cases and on the diffuse nature 
of the characteristic lesions of rheumatic valvulitis. Interstitial valvulitis in the 
midportion of an aortic cusp, particularly with fihroelastic vascularized reduplications 
on the ventricular aspect, usually signifies disease other than syphilis (nearly always 
a rheumatic infection). Association of these two types of histopathologieal lesions 
establishes the existence of combined syphilitic and rheumatic disease in the aortic 
valve. The rarity of this association is indicated by the fact that it has, to the 
author’s knowledge, never been previously reported. 


McGinn, Sylvester, and White, Paul D.: Clinical Observations on Aortic Stenosis. 
Am. J. M. Se. 188: 1, 1934. 


A study of arotic stenosis is presented based on 123 cases proved at postmortem 
examination among 6,800 necropsies of jratients with all types of disease at the 
Massachusetts General Hospital imd 113 clinical eases among 4,800 patients studied 
in cardiovascular consultation practice. In the post mortem series 71 per cent of 
the patients were males and in tlie clinical series 63 per cent. 

Aortic stenosis occurred in the postmortem series almost as often as did mitral 
stenosis. The lower incidence in tlie clinical series may be due in part to the fact 
that it is difficult or impossible clinically to diagnose aortic stenosis if the stenosis 
is but slight in degree. Closer search for the lesion resulted in the finding clinicallj' of 
twice as many cases of aortic stenosis, definite or questionable, in the second half of 
tlie clinical series as in tlie first half. It appears justifiable to make the clinical 
diagnosis of aortic stenosis when a loud harsh systolic murmur is heard in the 


region of the second right intercostal space and is transmitted to the neck, in' the 
absence of pronomieed aortic dilatation due to luetic aortitis or marked hypertension, 
especially when there is evidence of btlier valvular deformity or a history of 
rheumatic infection. An aortic systolic thrill, a diminished or absent second aortic 
sound, a plateau pulse, and an aortic diastolic murmur are important confirmatory 
findings; but it is not necessary to await the presence of all these signs before 
making^ the diagnosis. If one waits foi- all tliese signs, a large majority of cases 
of aortic stenosis often of considerable blinical importance ivoufd he missed. ‘ 
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A comparison has been made in the postmortem series, of cases showing calcareous 
changes in the stenosed aortic valve with cases showing no calcareous change in 
the valve. Calcareous valvular changes were found more frequently than non- 
ealcareous (86 to 37) with males predominating and living past middle life in the 
calcareous group while the sexes were evenly distributed in the noncalcareous group, 
few of whom lived longer than fifty years. Angina pectoris, cardiac asthma and 
higher blood pressures were more frequently found in the calcareous group, while a 
positive rheumatic history and auricular fibrillation were more frequent in the non- 
caleareous group. The average pulse pressures were approximately the same. The 
heart weights were similar in the two groups, but calcareous changes in the mitral 
valve, aorta and coronary arteries were much more common, as would be expected, 
in the older, calcareous group. The presence or absence of calcareous changes in the 
arotic cusps is clinically relatively unimportant as compared to the aortic stenosis 
itself, excepting as it alters the degree of stenosis or aids in the roentgen ray 
diagnosis. 

A comparison of the autopsied cases having aortic stenosis alone with those having 
aortic stenosis combined with mitral stenosis showed males to be represented equally 
in both groups; females, however, were three times more frequent in the combined 
than in the isolated group. Mitral stenosis was found much more often in the 
patients djnng under fifty years, while aortic stenosis alone occurred most commonly 
in people beyond that age. Angina pectoris was found more often in patients with 
aortic stenosis alone (14 to 2), wMle auricular fibrillation occurred much more often 
in cases with complicating mitral stenosis (26 to 13). The average heart weights 
were approximately the same for the two groups (612 gm. and 592 gm.). Coronary 
sclerosis and aortic sclerosis were more common in cases of aortic stenosis alone; 
sclerotic changes in the mitral valve were found in 23 of the 50 cases with com- 
plicating mitral stenosis. 

In three groups of patients of the postmortem series having various degrees of 
calcareous aortic stenosis, it Avas found that the correct diagnosis had not been 
made clinically in any having only moderate calcareous changes, mostly at the base 
of the aortic cusps, and that the symptoms of congestive failure Avere less frequent 
in this group than in those instances Avhere the lesion was more marked. At least a 
few of the cases shoAving only moderate aortic stenosis should have been diagnosed 
correctly antemortem if proper attention had been directed to the signs that Avere 
present. The patients Avith pronounced aortic insufficiency in addition to aortic 
stenosis had a shorter terminal illness and died at a younger age than did the 
patients in whom stenosis of the valve predominated. The average weight of the 
hearts in the group Avith pronounced aortic insufficiencj^ Avas also higher, the smallest 
hearts being found in those cases Avith little or no aortic insufficiency and Avith only 
a moderate amount of stenosis. 

It is eAudent from this analysis that all grades of aortic stenosis exist, much as 
in the case of mitral stenosis; that aortic stenosis even of considerable degree is 
common, particularly in males; that it is doubtless often caused by infection, 
especially rheumatism; that calcareous changes are found chiefly in the older 
patients, no matter Avhat the cause; that aortic stenosis is less serious than aortic 
regurgitation of high degree, being found in many old patients after years of 
valATilar disease; that it is sometimes associated with considerable hypertension; 
that, as in the case of mitral stenosis, the sjuiiptoms and signs vary in number and 
degree Avith the extent of the aortic stenosis; that aortic stenosis is often over- 
looked when it should be clinically diagnosed; and that it is an important lesion to 
search for, even in the lesser grades because of the progression of the lesion and of 
the frequency Avith Avhich it is associated A\dth congestive heart failure. 
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Edward B.: Carcinomatous Endarteritis of the Pulmonary Vessels 
in. Tailure of the Eight Ventricle. Arch. Int. Med. 54: 625, 1934. 


Pour cases of carcinomatous lymphangitis are reported, three secondary to 
scirrhous adenocarcinoma of the stomach and one to adenocarcinoma of the sig- 
moid. The cases presented all or part of the pulmonary symptoms of cough, 
shortness of breath, and cyanosis with inconspicuous physical signs in the 
The three cases secondary to scirrhous carcinoma of the stomach presented diffuse 
obliterative endarteritis of many pulmonary arterioles and small arteries. The 
widespread obliterative endarteritis of the lung was due chiefly to the influence 
of the carcinomatous lymphangitis of the neighboring perivascular lymphatics, 
rarely to carcinoma cell emboli. In two of the cases, right ventricular cardiac 
failure was the direct result of the diffuse obliterative endarteritis of the pul- 
monary vessels. 

In cases of right ventricular cardiac failure presenting no significant pulmonary 
or cardiac findings, the possibility of a diffuse secondary carcinomatous lymphan- 
gitis of the lungs with accompanying obliterative endarteritis of the pulmonary 
vessels should be considered. 


Oralg, Winchell McK., and. Brown, George E.: Unilateral and Bilateral Eesection 
' of the Major and Minor Splanchnic Nerves. Arch. Int. Med. 54: 577, 1934, 

Five patients with essential hypertension of varying degrees of severity have 
been subjected to unilateral or bilateral reseetibn of the splanchnic nerves and 
to removal of the first lumbar ganglion. In two subjects, significant quantitative 
reduction of the pressor reactions to cold resulted. In one subject, subjective 
and objective improvement was striking. In tbe most severe forms of essential 
hypertension, with early renal involvement and advanced organic changes in the 
arterioles, the effects on the blood pressure have not been striking. Eesection 
of the splanchnic nerves is a relatively safe operation and carries small risk. No 
untoward effects have been noted. Further application of this surgical procedure 
is justifiable in the early stages of the severe progressive form of essential hyper- 
tension in young persons. 


Bellet, Samuel, Johnston, Charles G., and Schecter, A,: Effect of Cardiac Infarc- 
tion on the Tolerance of Dogs to Digitalis. Arch. Int. Med. 54: 509, 1934. 


Tolerance of dogs to digitalis was determined at various intervals of time 
after ligation of the coronary artery: one-half hour after ligation of the coronary 
artery; four days later, during the stage of acute and subacute infarction; and 
from six weeks to six months later, during the stage of chronic infarction. The 
tolerance of these animals was compared wdth that of animals in a normal control 
series. 


Dogs standardized within one-half hour after ligation showed no diminution in 
tolerance to digitalis as compared with those in a control group. During the 
stap from acute to subacute infarction, there was a diminished tolerance to digi- 
talis which averaged from 20 to 30 per cent below the average of the figures 
for the normal controls. In the animals with chronic infarction in which the 
area of infarction was considerably smaller than in the acute or suhaeute stage 
standardized from six weeks to six months after ligation of the coronary artery' 

be jeaslMs «,»„ ftat of the mrmal animals but higher than that of 

the group with the subacute infarctions. 

Of the infare,.., area. These ..binga iend enppor/.t^illfCSontS 
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digitalis in massive doses may be dangerous during the stage of subacute and 
chronic infarction and that it should be used with caution in such eases. ^ 

Lombardtni, R. Velasco, and Duomarco, J.: The Technic of Exteriorization and 

Suspension of the Heart in the Dog. Rev. Argentina do Card. 1: 138, 1034. 

A comparatively simple procedure is described to lead the action current of 
the heart from dilTercnt extents of cardiac .surface. If a dog under anesthesia 
is prepared in such a way as to have the heart in a hanging position, the latter 
can bo immersed to any desired degree iri a glass filled with saline solution. The 
action current of the heart may now bo led off by two elcctrodc.s, one of them 
placed on the back of the animal and the other plunging in the same glass as the 
heart. 

Using this procedure it was found that as the surface of the heart in contact 
with the liquid incrcasc.s, the electrical variations recorded become smaller. This 
fact may explain the low voltage of the deflections recorded in pericardial effu- 
sion : the liquid around the heart cstabli.shes a sort of short circuit to the heart 
currents, and the galvanometer is not influenced by the total electrical variations. 

In order to load off the heart currents, the heart must be surrounded by ele- 
ments of unequal resistance, the electrical variations following the path of the 
lower resistance, probably through the base of the heart and perhaps also through 
the part of the heart laying on the diaphragm. This might be of importance to 
decide the type of ventricular preponderauce shown by the electrocardiogram. 

Battro A., Menendez, E. Braun, and Orias, 0.: Gallop Rhythm. Rev. Argentina 

do Card. 1: 117, 1934. 

Twenty-two eases of clearly audible gallop rhythm were graphically analyzed 
by simultaneous!}' recording the heart sounds and the venous pulse. In three 
cases the extra sound occurred during the final moments of the rapid inflow 
phase; in four cases the extra sound occurred during auricular contraction; in the 
remaining cases, the e.xtra sound occupied a position which was coincident with 
both these moments, brought closer together by the increased heart rate. In 
the cases corre.sponding to the latter group, two alternatives happened: in some 
cases a brief interval could be observed between the two sounds; in others, on 
account of a perfect coincidence of both moments, there was only one sound. 

Phonocardiograms taken from normal j>ersons often show sound vibrations dur- 
ing the latter part of the rapid diastolic inflow (the so-called third physiological 
heart sound) and also, occasionally, during auricular systole (auricular physio- 
logical sound). On account of their properties, these sounds arc easier to record 
(if adequate devices are used) than to be heard by simple auscultation. 

The conclusion ma}' be drawn that gallop rhythm results from the pathological 
exaggeration of phenomena hardl}' audible, which, however, can be more or less 
easily recorded in many normal individuals. 

According to their mechanism of production, the following nomenclature is 
suggested: rapid inflow gallop, presystolie galloji and summation gallop. Summa- 
tion. may be either complete or incomplete. 

It is impossible by simple auscultation, to ascribe any case of gallop rhythm 
to any particular type. The occurrence of the extra sound during the beginning, 
middle or end of diastole does not necessarily imply that the gallop is one of rapid 
inflow, summation, or presystolie, respectively. It is the graphic analysis by 
means of the phonocardiogram and the phlebogram optically recorded which will 
precisely determine the type of gallop concerned in each particular case. ' 
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Menendez^ E. Braun, and Orias, 0.: PHonocardiographic Studies in tlie Young 

Adult Heart. Eev. Argentina de Card. 1: lOl, 1934. 

By optically recording tlie heart sounds, it is possible to recognize normal 
acoustic phenomena which are not easily heard by simple auscultation. The 
third normal heart sound was neatly recognizable in 42 out of 100 phonocardio- 
crrams recorded in as many healthy medical students from twenty to twenty-five 
years old. Small vibrations, considered as a vestigial third heart sound, weie 
plainly visible in IS other records. An evident auricular sound was recorded 
in 15 cases, and in 5 other instances there were clear vestiges of it. 

The third heart sound invariably occurs during the last moments of the ven- 
tricular inflow phase. The physiological auricular sound starts about 0.04 second 
after the beginning of the auricular systole. 

It is probable that both, third heart sound and physiological auricular sound, 
have a similar mechanism of production; they might be due to the vibrations set 
up in the ventricular wall by the sudden inrush of the blood coming from the 
auricles. 

Castro, Olyntho de; Partial Plutter and Fibrillation. Arq. brasil. de cardial, e 

hemat. 1: 12.9, 1934. 

The author suggests the term ‘ ‘ partial flutter and fibrillation ’ ’ for those cases in 
which tracings show an imperfect function of auricular contraction. He believes 
that the cause of these modifications is a partial affection of the auricular myo- 
cardium, i.e.j there are certain groups of libers w'hieh have been affected by the 
process resulting in flutter or fibrillation. The persistence of the P-wave although 
more or less altered is explained on the basis of the marked contraction of the 
majority of the sound fibers which give a normal sinus rhythm. 

Maxble, Alexander; Field, Madeleine E.; Drinker, Cecil K.; and Smith, Eachel M.; 

The Permeability of the Blood CapBlaries to Lipoids, Am. J. Physiol. 109: 

467, 1934. 

The peripheral (cervical) lymph of normal fasting dogs contained on the 
average per 100 c.c. of lymph the following: cholesterol, 56 mg.; fatty -acid, 239 
mg.; and total lipid, 305 mg. These values are respectively 41 per cent, 54 per 
cent, and 52 per cent of those for cholesterol, fatty acid, and total lipid in blood 
plasma from the same dogs. Blood and lymph samples were obtained as nearly 
simultaneously as possible. 

Following the intravenous injection of fat-laden chyle or of a fat emulsion, 
there usually occurred within one to four hours a slight' rise in the total lipid 
content of the cervical lymph. Under .such conditions no significant change oc- 
curred in the cholesterol content of the lymph despite the production at times of 
a mild hjrpercholesterinemia. 

These experiments suggest that the degree of permeability of the blood capil- 
lary wall to lipoid substances other than cholesterol is slight but definite and i.s 
greater than that to cholesterol itself. 


Him^ch, H. E., Goldfarb, lY., and Nahum, L. H.: Changes of the Carbohydrate 
Metabolism of the Heart Following Coronary Occlusion. Am. J. Physiol. 109: 


e-xperiraental coronary occlusion 
The xnfaxeted area lost appreciable quantities of its glycogen which aipea-edTn 
part as increased amounts of soluble carbohydrates and lacric acid n i 

cases before occlusion, the heart removed lactic aeid from the blood stream. iStei 
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the coronary artery was ligated the heart usually added lactic acid to tho blood 
stream. The increased lactic acid production bj-- tho heart was probably duo to 
a diminution of the O, supplied to the cardiac tissues. Glucose was absorbed 
from the blood both before and after the coronary occlusion. It is suggested 
that tho accumulation of metabolites in the infarcted areas may bo related to 
the subjective pain experienced during coronarj’- occlusion. 

Rlseman, Joseph E. F., and Stem, Beatrice: A Standardized Exercise Tolerance 

Test for Patients With Angina Pectoris on Exertion. Am. J. IM. Sc. 188: 646; 

1934. 

A simple and safe standardized exercise tolerance test is described for use 
in. patients with angina pectoris. The results in a group of 57 consecutive pa- 
tients with the clinical diagnosis of angina pectoris arc presented. Exercise per- 
formed under the standardized conditions of the test induced attacks in 34 pa- 
tients. These attacks were prceiscl 5 " like those experienced in daily life. When 
the standardized test was repeated, even months later, tlie same amount of exer- 
cise again precipitated an attack in the same individual. 

Nineteen patients did not develop an attack under the standardized conditions. 
The diagnosis of angina pectoris eventually proved to be exceedingly doubtful in 
all but one of these patients. 

Objective evidence is presented illustrating the influence of various environ- 
mental factors on the amount of exercise necessary to precipitate attacks of 
angina pectoris in patients with this condition. 

The test aifords a means of investigating angina pectoris "and is of distinct 
value as an aid in diagnosing doubtful cases and in evaluating both the condition 
of the patient and the results of therapy. 

Flaxman, Nathan: Heart Disease in the Middle West. Am. J. M. Sc. 188: 639, 

1934. 

The incidence of organic heart disease in the Cook County Hospital, Chicago, 
for the period from January 1, 1932, to June 30, 1933, was 1.7 per cent of the 
total hospital admissions and 7.2 per cent of the medical admissions. Of the 
1,646 patients, 38 per cent died in the hospital during the stated period. This was 
6.7 per cent of the hospital deaths and 14.4 per cent of the medical deaths. 

In this study the common ago for heart disease was the forty to sixty year 
period. It occurred most frequently in the sixth decade in the white patients 
and in the fifth decade in tho colored patients. Hjqiertension was the most com- 
mon cause of organic heart disease regardless of race or sex. Arteriosclerotic and 
rheumatic heart disease were more common in the wdiite patients. Syphilitic and 
hypertensive heart disease W’ere more common in the colored patients. Arterio- 
sclerotic heart disease was five times more common in the ivliite patients. Pul- 
monary emphysema as a cause of myocardial insufficiency wms practically con- 
fined to white males. 

The author comments that statistics on the incidence and etiology of heart 
disease must be classified on a better basis, the most representative statistics be- 
ing based on large general hospital admissions. This comment is open to serious 
question, ‘since an extremely large group of cardiac patients never find their way 
into hospitals, and such a group would be entirelj’’ exclusive from any statistical 
analysis. 
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Ruddock, John C.: Dilatation of the Left Auricle to the Right. Radiology 23. 

397, 1934. 

The author concludes from exo.miiiation of cardiac roentgenopams, together 
with histories and postmortem examination of the hearts, that dilatation of the 
right side of the heart as shown and demonstrated by roentgenographie examina- 
tion in compensated cases of mitral stenosis is due to enlargement of the left 
auricle. He believes that as the auricle enlarges and dilates, there is an en- 
croachment posteriorly to the right side so that the left auricle enters into the 
formation of the right cardiac silhouette. Enlargement of the right side of the 
heart in decompensated eases as shown by roentgenographie examination is due 
to dilatation of the right auricle. 

In roentgenograms of eases of mitral stenosis, the cardiohepatie angle is either 
acute or obtuse and is in direct proportion to the degree of decompensation. In 
eases in which compensation is complete, the dilatation of the left auricle causes 
an acute angle which will he shown by roentgenograms as the cardiohepatie 
angle. In cases in which there is a decompensation and a resulting dilatation 
of the right auricle, the angle is cither right or obtuse. 

Description of the roentgenograms should call attention to the cardiohepatie 
angle, and the presence of compensation or decompensation must be known be- 
fore a correct interpretation of the heart contour can be made. 


Hansen, Olga S., and Maly, Henry W.: The Heart After Phrenic Nerve Interrup- 
tion. Am. Rev. Tuberc. 30: 527, 1934. 

In an effort to evaluate the effects of unilateral diaphragmatic paralysis by 
phrenic nerve interruption and the associated intrathoracic changes upon the 
heart, 100 successive cases have had physical, electrocardiographic and x-ray 
observations before and after this operation at Glen Lake Sanatorium for tuber- 
culosis. No other type of collap.se therapy had been employed. Those with 
pleural effusion were discarded. 

Electrocardiograms showed a change in the direction and amplitude of the 
QRS waves in sixty-five, slight in degree in all but ten (fifty-five), but enough to 
indicate a shift of the electrical axis toward the left in twenty-five (all but one 
after a left-sided operation), and toward the right in ten (all but one after a 
right-sided operation). P-waves changed only six times, and no evidence of 
auriculoventricular conduction delay appeared. T-wave changes appeared in 
twenty-three cases, ten times with an increased negativity in the significant leads, 
and thirteen with an increase of size or a decrease of negativity. No clinical 
or roentgenographie evidence of myocardial changes appeared, or of defective 
conduction through the ventricles. 

The heart position was displaced from its preoperative position in sixty-nine 
cases. After right-sided operations there was a preponderance of shifting toward 
the left or healthy side (twenty-nine times out of thirty-seven). After left-sided 
operations the heart might he displaced to either side (fifteen toward the left 
and seventeen toward the right). Twice as many were displaced away from 
the collapsed sifle as toward it (forty-six and twenty three). Comparing the di- 
rection of the deviation of the electrical axis with that of heart displacement 
revealed agreement in eleven and disagreement in twenty-three. 

No evidence of heart damage or disturbance of function appeared. 


■Unexplained Fever in Heart Failure. 


Cohn, Alfred E., and Steele, J. Murray: 

J. Clin. Investigation 13: 853, 1934. 

Observations of the behavior of certain cardiac patients with n 

Irougi. fte „isaom „f assuming in i„s.aness of „n..pUi„e" 
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the pi'osencc of on infectious ijrocess. For tliis rciison, the records of 3G8 cardiac 
patients liavc been studied. O.f 172 who i)rpsented symptoms or signs of heart 
failure, 153 exhibited on two or more occa.sions, elevation of the rectal tempera- 
ture to at least 100° P. Usually the elevations wore clearly associated with con- 
ditions generally recognized as accompanied by fever, but in 49 cases the oc- 
currence of fever was without satisfactory explanation. In certain ones its de- 
velopment suggested an origin, at least in part, dependent upon heart failure it- 
self. 

It is pointed out that fever may occur during heart failure in the absence of 
evidence of infection or of the noninfectious conditions which have been enumer- 
ated and which arc likewise as.sociatcd Avith the development of fever. Results 
of bacteriological studie.s of material obtained by puncture of the lungs during 
life and from the lungs at autopsj' in jjalicnts Avith heart failure accompanied 
by fever are presented. In a number of casc.s, signs of heart failure appear or 
begin to increase just prior to the occurrence of fcA’Cr. FcA'Cr and the signs of 
heart failure disatJpear simultaneously. These relations suggest that the occur- 
rence of fever iji these instances is dependent upon mcehanisms involved in heart 
failure itself. 

Steele, J. Murray: Fever in Heart railure. Relations Between the Temperatures 
of the Interior and the Surface of the Body. .1. Clin. Investigation 13: SiiO, 
1934. 

Daily fluctuation of surface and rectal temperatures has been studied in normal 
individuals, in individuals during and after recovery from heart failure, and in 
a fCAA" individuals sulToring from infectious diseases. The patients AA’ith heart 
failure Avere selected for study because they exhibited fever and because CA'idcnco 
of infection Avas sought but Avas not found. A fairly regular normal diurnal 
variation in the tomperaturo of the extremities opposite in direction to that of 
the rectal temperature is described. The behavior of the temperature of the 
surface of the body, especially of the extremities, in the cases of heart failure 
AA’hich exhibit fever of unexplained .source is different from that obserA’ed in 
liaticnts Avith fever associated with infcctioins diseases. The temperature of the 
surface in cardiac patients is loAvcr than that of normal indiA’iduals, AA’hile that 
of patients AA'ith infectious fever is as high as or higher than normal. The dif- 
ference in behavior leads to the conclusion that elcA-ation of rectal temperature 
in cases of heart failure need not be of infectious origin but may depend upon 
a A-ariety of processes incident to heart failure itself. 

Steele, J. Murray, and Kirk, Eshen: The Significance of the Vessels of the Skin 
in Essential Hypertension. J. Clin. InA-cstigation 13: S95, 1934. 

The temperature of the skin of indiAuduals suffering from arterial hj'pertension 
does not differ significant!}" from that of normal indiA’iduals. Diurnal variations 
in surface temperature regularly occur in indiA-iduals AA'ith arterial hypertension 
Avithout significant change in arterial pressure. Elevation of arterial pressure 
in hypertensive individuals does not depend on, though it may be accompanied 
by, constriction of the arterioles of the skin. 

Page, Irvine H. : The Effect of Renal Efficiency of Lowering Arterial Blood Pres- 
sure in Cases of Essential Hypertension and Nephritis. J. Clin. Investigation 
13: 909, 1934. 

The efficiency of the kidney.s, as measured by the urea clearance test, is not 
altered by a marked fall in arterial blood pressure occurring spontaneously or 
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induced by sodium tliioevanatc administered by moutb, or colloidal sulpbur ad- 
ministered intramuscularly, in patients suffering from essential lypertension 
Sodium thiocyanate or colloidal sulphur in the dosage employed and oyer short 
periods of time docs not appear to have a detrimental action on the kidneys of 
patients suffering from essential hypertension. 

Pall in arterial blood pressure occurring spontaneou.sly or as the result of 
renal denervation in patients suffering from chronic Bright's disease also caused 
no change in renal efficiency. The abnormal elevation of blood pressure in these 
cases does not appear to assist in maintenance of renal efficiency. This evidence 
does not support the compensatory theory of the cause of hypertension in patients 
suffering from nephritis or essential hypertension. 

Kountz, W. B., Pearson, E. F., and Koenig, K. F.: Observations on the Effect 
of Vagus and Sympathetic Stimulation of the Coronary Flow of the Revived 
Human Heart. J. Clin. Investigation 13; 1065, 1934. 

The effect of vagus and sympathetic nerve stimulation on coronary flow was 
studied in the revived human hearts and in the same hearts arrested by alkaline 
and acid perfusate. In the normal beating luiinan heart, vagus stimulation slowed 
the heart rate and increased the. coronary flow. Sympathetic nerve stimulation 
increased the heart rate and slowed the coronaiy flow. 

In hearts in which there was dissociation of auricular and ventricular cou- 
traetion and in which the rale was not influenced by the nerves, vagus stimula- 
tion slowed the coronary flow, while sympathetic stimulation increased it. 

■ In hearts arrested with increased tone, vagus stimulation increased the coro- 
nary flow while sympathetic stimulation in two cases decreased it. In hearts 
arrested in decreased tone by acid perfusate, vagus stimulation had no effect, 
while sympatbetic stimulation increased the flow. 

The action of the nerves in these hearts was compared to that of drug.s. It 
was found that drugs which in the beating heart increased muscle action and de- 
creased coronary flow closely simulated the action of the sympathetic; while drugs 
which dilated the beating heart and increased coronary flow simulated vagus 
nerve stimulation. No such similarity w'as noted between nerve action and drugs 
which act primarily as vasoconstrictors or vasodilators of the coronary vessels 
themselves. 

The result.' of this group of c.xperimeuts suggest that in man the cardiac 
nerves exert their most i7nportant action on coronary flow through changes in 
the state of the heart muscle. 


Donal, John S.; Gamble, Clarence J.; and Shaw, Robert; The Cardiac Output 
in Man. Am. J. Physiol. 109; 666, 1934. 


The katharometor lias been adapted to the measurements of ethyl iodide in 
air required by the procedure of Starr and Gamble for determining the cardiac 
output in man. The average error of a determination of the relative concentra- 
tion of ethyl iodide in the range in question is +0.04 mg. per liter or ±0.0006 per 
cent by volume, ’ ^ ' 


The instrument permits a marked saving in the operator's time required. A 
duplicate determination of cardiac output including the analvses and calculation 
of results may be made in seventy minutes. Cardiac outputs in the lying sitting 
s auding, and inverted positions liavc been compared in fasting subjects’ at rest’ 
T le average value in the .sitting position was 87 per cent and in the standing 
position 8- per cent of that when lying. The corresponding values for the out 
put per heat were 76 and GO-per cent. In all the easL the arterio4noL oxygen 
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difference was greater in the erect than in the horizontal position. In the vertical 
position with the head down, the cardiac output per minute and per beat was 
less and the arteriovenous oxygen difference greater than when the' subject was 
horizontal. 

Comparisons arc given of other circulatory and respiratory values in the vari- 
ous positions. 

Proger, S. H., and Dexter, L.: The Continuous Measurement of the Velocity of 

Venous Blood Flow in the Arm During Exercise and Change of Posture. Am. 

J. Physiol. 109: CSS, 1934. 

The method recently described by Gibbs has been found useful and practicable 
as a means of measuring continuous!}’" the relative velocity of blood flow and in 
certain instances qualitative changes in volume flow. In cases in which it is 
desired to record changes in velocity in a vessel which is visible, a solid needle 
in which hot and cold thermo-junctions have been incorporated has certain ad-- 
vantages over an open needle into which the thin wires containing the junctions 
are threaded after venipuncture. 

The velocity of blood flow in the superficial and deep veins of the arm behave 
antagonistically with exercise of that arm, the flow in the deeper veins becom- 
ing more rapid and in the superficial veins slower than at rest. "With moderately 
severe exercise involving chiefly the lower extremities (pedalling on a stationary 
bicycle), there is no change in the velocity of blood flow in the veins of the 
upper extremities. In the superficial and deep veins of the upper extremities, 
the velocity of blood flow is slower "with the arm held in the erect position and 
more rapid with the arm hanging down, than when the arm is in the horizontal 
position. 

Padilla, T., and Cossio, P.: Prognosis in Myocardial Infarcts. Eov. Argentina 

de Card. 1: ISl, 1934. 

Mortality in this series of cases has been 38 per cent, which is somewhat lower 
than that of other observers. A great majority of deaths occurred during the 
first month following the attack. Nineteen per cent of the patients died within 
forty-eight hours, and 14 per cent died between that period and the end of the 
month. Within the first twenty-four hours, death occurred suddenly and probably 
was due to ventricular fibrillation; rupture of the heart was exceptional. 

After fifteen days from the beginning of the attack and within the first year, 
death was due to cardiac insufficiency; embolism was exceptional. After one 
year, death may be caused by a new cardiac infarct or by any other arterial 
aecident. 

After one month from the beginning of the attack, 27 per cent of the cases 
were clinically cured and 35 per cent were so after a six months’ period. Six 
months after the attack, slight symptoms persisted in 17 per cent of the cases. 
In 9 per cent, congestive heart failure could be observed, and 5 per cent suffered 
from angina pectoris. Death occurred in 60 per cent of the patients suffering 
from a second attack of infarction. 

Sex and age made no difference so far as prognosis is concerned. The absence 
of pain has severe prognostic significance. Intense pain was present in a large 
proportion among the patients who survived, 72 per cent, than among those who 
died. The absence of circulatory collapse has a favorable prognostic significance. 
The early appearance of cardiac failure, the appearance of an indefinite discom- 
fort sensation with or without precordial oppression and the absence of electro- 
cardiographic disturbance have a severe prognostic significance. Electrocardio- 
grams of the apex type (T,) or the base type (Tj) have no particular prog- 
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nostic significance. If both types occur at the same time, prognosis becomes 
severe. Disturbances of rhytixm, other than isolated extrasystoles, have an un- 
favorable prognostic significance. 


Battro; Antonio, and Del Kio, Julio G.: Lead IV in Electrocardiography. Eev. 

Argentina de Card. 1". 192, 1934. 

Systematic use of Lead IV has led to the following conclusions: 

Lead IV should be recorded in all anginal syndromes: in four out of twenty 
natients with angina, there was definite electrocardiographic evidence of myo- 
cardial infarction in Lead IV, while the conventional leads were practically 
normal. Lead IV has also proved of value in determining complexes which are 
not far from, normal in the conventional leads but which are true extrasystoles 
in Lead IV. Lead IV, however, does not allow a clear distinction between right 
and left ventricular extrasystoles. Eight bundle-braneh oloch showed a con- 
cordant positivity of the main initial deflections in Lead IV and Lead I. Con- 
versely, left bundle-branch block showed a concordant negativity of the main 
initial deflections in the same leads. 


Eivolta, L. A.: Eadiograms of the Heart in Systole and Diastole. Eev. Argentina 
de Card. 1: 216, 1934. 

A device is described to obtain radiographs of the heart during either systole 
or diastole. The electrical disturbance caused by the heart sounds are amplified 
in a microphone adapted to the preecrdial region, starts the x-ray machine. 
Mechanisms are provided which allow an accurate adjustment so as to take the 
radiograph at any desired moment after the beginning of cardiac activity during 
either systole or diastole. When the heart sounds are modified in their number 
or quality, the central arterial pulse can be substituted to start the x-ray ma- 
chine. 

A characteristic feature of this method consists in the actual mechanism of 
starting the x-rays which is very closely associated with cardiac activity (heart 
sound.s or central pulse) thus avoiding the several causes of error that are en- 
countered in following other procedures so far described. 


Paul, John E.; Haxrison, Elizabeth E.; Salinger, E.; and. DeForest, G. K.: The 
Social Incidence of Eheumatic Heart Disease. Am. J. M. Sc. 188; 301, 1934. 


In ' an attempt to determine the influence which poverty and urban environ- 
ments may play as predisposing factors in rheumatic fever, the incidence of rheu- 
matic heart disease has been determined in groups of children between the ages 
of flve and eighteen years, attending urban and suburban schools in and about 
the city of New Haven. 


Data from the routine examinations of 5,758 public school children performed 
by school physicians suggested that systolic murmurs, presumably of rheumatic 
origin, were roughly 1.5 times as prevalent among children from the poorer dis- 
tricts than in those from the better districts of the city. 

Prom the authors' examination of 758 urban children, the incidence of rheu- 
matic heart disease in a single large public school in one of the poorest districts 
of the city was found to he 4S.1 per 1,000. This proved to be 1.5 times as high 
as that found m a. public school in one of the better districts of the city, but 8 
times as high as that found among a smaller group of pupils from urban private 
schools who came from the best districts of the city. 

The average incidence of rheumatic heart disease among pupils attending two 
Wba. p.bl.c ..chools «-as about ta-ice that rceorM a„o„g papila ot a sMto Te 
group wlm attended suburban and rural public schools. ® ^ ^ ^ 
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Ernstene, A. Carlton; and Mulvey, Bert E.: A Study of Auricular Fibrillation 

Following Operations for Goiter. Am. J. AL Sc. 188: 382, 1934. 

Sixteen of 213 patients with hyperthyroidism had auricular fibrillation during 
the preoperative period; while postoperative auricular fibrillation developed in 
31 of the 197 who had normal rhythm before operation. The arrhythmia was 
present before operation in 2 of the 192 individuals who had adenomatous goiter 
without hyperthyroidism and developed after operation in 4 other patients in this 
group. 

The age of the patient, type of goiter, and duration of hyperthyroidism appear 
to be the most important factors predisposing to the development of postoperative 
auricular fibrillation. The degree of elevation of the basal metabolic rate is of 
little significance. The immediate increase in the rate of metabolism following 
operation probably is the essential factor responsible for the initiation of the 
an-hythmia. 

Postoperative auricular fibrillation is more common in thyrotoxic patients with 
adenomatous goiter than in those with hyperplastic goiter. This difference cannot 
be explained entirely by differences in the ages of individuals belonging to the 
two groups. The long duration of thjToid enlargement in the majority of patients 
with adenomatous goiter may favor the gradual development of jnj'ocardial 
damage, possibly as the result of repeated or prolonged periods of low grade, 
unrecognized hyperthju-oidism. 

Postoperative auricular fibrillation generally begins during the first sixty hours 
after operation. It rarely causes circulatory embarrassment, and normal rhythm 
usually is reestablished spontaneously within forty-eight hours. 

Korey, Herman, and. Katz, Louis N. : The Electrocardiographic Changes Produced 

by Injuries of Various Parts of the Ventricles. Am. J. M. Sc. 188: 387, 1934. 

An analysis was made of the changes produced in the electrocardiogram dur- 
ing the first four hours following injection of 95 per cent alcohol into the dog's 
ventricular myocardium u'ith the production of sharply demarcated areas of in- 
jury. Within a few minutes following injection of alcohol into the myocardium, 
monophasic ventricular complexes occurred several times. Deep inverted or tall 
upright peaked T-waves having rounded shoulders and symmetrical limb.s — nega- 
tive and positive coronary T-waves — ^\vere frequently found later. In addition to 
the T, and Tj types of curves, two other types of change which we have called 
the T,, and T„ types occurred frequently. In the T,, type, positive coronary 
T-waves occurred in all three leads preceded by negative S-T deviations. In the 
T„ type negative coronary T-waves a^jpear in all three leads preceded by positive 
S-T deviations. 

On subdividing the ventricular myocardium into ten regions, it was found that 
the location of the myocardial lesion did not determine the magnitude of the 
electrocardiographic change, nor did it give rise to a characteristic Q-T type of 
change for any locality. It is concluded that using the standard three leads, 
the electrocardiogram cannot be used to differentiate between injury to the an- 
terior and the posterior wall of the imntricles; between injury to the right and 
the left ventricle, and between injury to the apical and the basal portion of the 
ventricles. No constant correlation could be made between the size of the in- 
jured area and the magnitude of electrocardiographic change in the .standard 
three leads. The electrocardiographic changes apparently do not depend upon 
the location of the injured area in relation to the endocardium or epicardium. 



Book Reviews 


Verhandlungen per Deutsohen Geseeeschaet pur ICreisuaupforschung. VII 
Tagung. Edited by Professor Eoetor Eb. Koch, Bad Nauheim. Theodor Stein- 
kopff, Dresden and Leipzig, 1934, 326 pages. 

The Transactions of the seventli (1934) annual session of the German Society for 
tlie Study of the Circulation maintain fully the high standards of those o 
earlier meetings. The topics given special consideration are those of thrombosis 
and embolism. Most of the volume of more than three hundred pages is devoted to 
the various aspects, experimental, pathological, clinical, of these subjects; and 
the character of the presentations is indicated by the fact that among the many 
contributors arc to be found such distinguished students of these conditions as 
Aschoif, Mosawitz and Dietrich. 

^ T J f' 


Practigai. Talks on Heart Disease. By George L. Carlisle, Associate Professor 
of Clinical Medicine, Baylor University, Dallas, Texas. Springfield, 1934, Charles 
C. Thomas, 153 pages. 

This small book ivas written expressly for the general practitioner, and the 
author’s purpose is manifest throughout. There are many features that should re- 
ceive warm eommendatiou ; among these may be mentioned brevity, clarity, and re- 
freshing sanity with respect to most of the subjects treated. The comments upon 
history taking, physical examination, and the interpretation of abnormal signs are 
pointed, emphatic, and thoroughly sound. His brief discussions of the four common 
etiological types of heart disease indicate his agreement with modern vieivs, and are 
probably as satisfactory for the general practitioner as any very brief consideration 
of the subject could be. 

There are, however, certain deficiencies that greatly lessen the value of the book, 
and it is unfortunate that the sections dealing with treatment are particularly in- 
adequate or actually misleading. For example, the treatment of paroxysmal tachy- 
cardia and of auricular flutter is dismissed with a few words, and the most effective 
forms of treatment are not mentioned. The treatment of auricular fibrillation is 
discussed in a single sentence, which states that the only treatment is that of decom- 
pensation “because in treating decompensation, yon are almost always treating 
auricular fibrillation.” It is strange that a writer so obviously familiar with recent 
work in the field of heart disease should advise the regulation of digitalis dosage 
entirely on the basis of the heart’s rate, and should make no distinction between 
cases of regular rhythm and of auricular fibrillation. His discussion of the treat- 
ment of angina and of coronary thrombosis is extremely misleading, and it is clear 
that he does not distinguish properly between the two conditions; for example he 
treats anginal attacks wiDi morphine, insists upon two months of complete bed rest 
and sajs practically nothing about the future regulation of the patient’s life n e 
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so mueli wisdom should summarize this important matter with the words: “The 
treatment of cardiac neurosis consists in out-talking tlie patient over a long period 
of time.” 

Wliile these are serious defects, it w’ould be unfair to leave the impression that the 
book fails entirely in its purpose. There is so much of value and importance that it 
is to be hoped the next edition will correct the relatively few omissions and errors. 


E. M. M. 
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LOCALIZATION OF CARDIAC INFARCTS ACCORDING TO 
COMPONENT VENTRICULAR MUSCLES*! 


Jane Sands Robb, M.D., J. G. Fred Hiss, M.D., and 
Robert C. Robb, Sc.D. 

Syracuse, N. Y. 


/^N REVIEWING the literature of the past fifteen years one is inx- 
A.' pressed by the number of attempts to correlate the electrocardio- 
graphic findings with the anatomical lesions found in cases of coronary 
thrombosis. We are probably not minimizing the truth when we say 
that success has not been great. All these attempts at localization have 
been made either in terms of topography of the heart, e.g., right or left 
ventricle, anterior or posterior surface, base or apex, etc., or in terms of 
the larger branches of the coronary arteries, as the descending or circum- 
flex branch of the left coronary, etc. 


We have approached the problem from a different angle, using the 
individual ventricular muscles as a basis. There have been many at- 
tempts to divide the heart muscle into its component bundles, the most 
noteworthy being those by MacCallum," Mall,^ and Tandler.^ Robb" has 
reeen y repeated this work and is adding to it a study of the coronary 

supplied only one or predominantly one of these muscle bundles in this 
espeet resembling the end arteries to skeletal muscle. In subs Jen 
erpenments advantage was taken of this one-musele distrihuti™ 

cose Unlversltj-. " “ ftermocolom. »na Meaielne, College „r Kedletae Syra 

.1 me .„es,e„ ,3.0.0., o„. Cle;,..,. 

_ tThis -work -was v,. vteveian<j. 
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bulbospiral muscle, posterior view. Orig-in from portions of 
nosfAriot- .Jpsertion, mainly through the posterior papillar\’- muscle and the 

thf ant^r n? left A-V ring. Certain of the branches of 

intorSal t posterior descending coronarj' arteries are “end arteries” to the 

this mnspir. of this muscie. The characteristic electrocardiogram for injury to 
III?* -shovs depression of R-T in Lead I and elevation of R-T in L.eads II and 

muscle, posterior view. Origin mainly from the 
of the miti-T) J;*’® anterior papiliary and anterior leallet 

nar\' artorv ring. Branches of the anterior descending- coro- 

Istlc electrbcaiflinm"s'Li^<^°*^i®®4 the Internal portion of this muscle. The character- 
leads. for injurj' to this muscle shows slight elevation of R-T. in all 
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sway. as., tsa aapaaiiaiaa amaayiwt, wpaiflaial aa 

spiral, deep buHiospiraL 

As a complete control for ^ distal to the liga- 

moved, the ligated vesse was inj ’ ^ established that 

TI. laeart »y only tKe o.e 

"aXX resulting electrocarSogram was due to injury of tlrat 

iSlr 

are consistent for each muscle. A few attempts were made to use 
as a method of injnry, but were discarded since it was not possib 
localize the temperature change to one muscle. 

Blood pressure was recorded through a carotid cannula and a 
manometer. Iiiiury to the superficial muscles caused littie fall in blood 
pressure, usually less than 5 mm. of mercury. In3ury to either of the 
deep muscles caused a fall in blood pressure, equal to 20 per cent to 50 
per cent of the original value. If several vessels were ligated in rapid 
succession, death was immediate. 

The details of the findings, are presented in Figs. 1-4 and their legends. 
Because of limited facilities it was not possible to carry on chronic experi- 
ments, hence it must be emphasized that the results given are for acute 
experiments lasting up to ten hours. 


DISCUSSION 

Fortunately some experiments by other investigators are so well re- 
ported and illustrated (especially those o£ Fred Smith and his co- 
workers®) that we do have some idea of the after effects of lesions of in- 
dividnal muscles. It is interesting to note that both Smith,® and Barnes 
and Mann® obtained electrocardiograms similar to ours when the only 
manipulation consisted in opening the pericardium. Both investigators 
state, however, that at autopsy there was in each ease a definite acute 
myocarditis involving the superficial muscle fibers, thus illustrating an- 
other method of muscle injury which . causes the same characteristic 
changes in the electrocardiogram. 


•In each illustration, I, II, and III indicate the corresponding’ leads. The dotted 
lines indicate the normal control. 

A, aorta: A P, anterior papillar>" muscle; L, left ventricle; M, mitral valve; O, 
origin of deep sinospiral muscle; P, fibers to the right anterior papillary - P A, pul- 
monarj' artery; P p ilf, posterior papillarr muscle; R V. riaht vent'-'Vle • S , scroll 
muscle; T, tricuspid valve. The electrocardiograms are redrawn to scale; the muscle 
sketches are diagrammatic. 
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th<= muscle, posterior -rieTv. A constrictor muscle surroimding 

characterictio^i^Sf^ Blood ^pplj- from branches of the left circumflex. The 

j>.T in all injury to this muscle shows marked elevation of 

cuSeren^^“£r,t^™?^?^^ muscle, posterior view. Origin, nearly the whole clr- 
tricle and tn rmga Insertion, into all papillarj- muscles of the right ven- 

spiraL Blood "'vall of the left ventricle hj' fusion with the superficial sino- 

lateral braneb.S^'^ branch of the anterior descending coronary and from 

injurv to eithoT characteristic electrocardiogram from 

in L4ad I ^dl de|rSll'n"o"f 
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We have been fortunate in having some human material to study cor- 
relating specific muscle lesions with their electrocardiographic manifesta- 
tions, and at the present time we are of the opinion that the result of 
experimental work on dogs will eventually be confirmed in man. Because 
of the fact that the human heart, in order to be of any value to us, must 
have a lesion in one muscle only, must have an early electrocardiogram, 
and must then come to autopsy, and at the autopsy the heart must be 
given to us intact so that we can inject it and study it by very careful 
dissection, our material is necessarily very limited. An ordinary post- 
mortem heart examination not only is of no value for muscle localization, 
but very definitely prevents a proper study of the ease. A plea is there- 
fore made that wherever material is available it be studied with special 
reference to lesions in the various muscles, for only in this manner can 
it be determined whether our experimental findings are applicable to 
man. 

It would appear that lesions of the two superficial muscles demand 
less protracted treatment and offer a far better prognosis than do those 
of the deep muscles. 

These experiments on dogs indicate that localization of coronary lesions 
is possible by the electrocardiograph if one localizes according to the 
muscle bands. The type of muscle injury is unimportant. Data have 
been presented previously (Eobb^) to prove that if any lesion involves 
all the cross-section of the muscle, a further lesion in another area (still 
having an adequate blood supply) may cause no further change in the 
electrocardiogram. Mention has already been made of the fact that the 
electrocardiogram for elimination of the deep sinospiral is constant 
regardless of whether the left or right portion of the muscle is involved. 
These results cannot be explained according to the current description 
of the physiology of conduction in the ventricle. 


CONCLUSIONS 


1. Certain coronary branches are "end arteries” to the individual 
ventricular muscle bands. 


2. If such end arteries are ligated, the resulting infarcts affect the 
electrocardiogram consistently. 

3. Elimination of either or both of the superficial muscles alters the 
blood pressure little or not at all. 


4. Elimination of either of the deep muscles causes a marked fall ir 
blood pressure, and ,f the lesion be large, death is immediate, 

5, These results cannot be explained according to present d»v 

tions of the physiologj- of eonduction. ^ concep 
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NONPENETRATING WOUNDS OP THE HEART 
A Clinical and Experiaiental Study'-'' 


Ernest P. Bright, M.D., and Claude S. Beck, M.D. 
Cleveland, Ohio 


P ROBABLY tlie most common type o£ trauma to the heart is that 
produced by stab or bullet wounds. However, there m another 
type of cardiac trauma produced by contusive or compressive forces, 
and it is this tj'^pe of nonpentrating cardiac wound that we shall dis- 
cuss in this paper. 

One is accustomed to look upon the heart as an organ which almost 
always escapes any of the ordinary injuries to which the rest of the 
body is subjected. The thoracic cage affords what is usually consid- 
ered to he practically a perfect protection to the heart. No such im- 
munity to injury from contusive or compressive forces is extended to 
the liver, spleen, kidneys, brain, and other organs of the body. It is 
remarkable that this belief has developed, because the heart, lying 
against the sternum, is vulnerable to any sudden impact over the 
sternum and, buttressed against the bodies of the thoracic vei'tebrae 
posteriorly, is vulnerable to compression forces applied to the chest. 
There can be little doubt that the heart is the recipient of many in- 
juries. Most of these probably produce no functional disturbances and 
are not recognized. Some of them do produce functional disturbances, 
and usually these are not recognized. 

We have attempted to review all cases of nonpen eti'ating cardiac 
wounds that have been reported.! The entire literature on the sub- 
ject, however, was not available to us, so that our study, while exten- 
sive, is not complete. We have excluded from our analysis those cases 
in which the injury produced a rujDture of a valve without showing 
other manifestations of cardiac injury. This group was excluded 
because a rupture of the valve seems to offer no possibility for opera- 
tive repair.! We have excluded also those cases of rupture of the 


’From the Liboratory of Surj^ical Research, the Western Reserve University School 
of Medicine and the Lakeside Hospital. 

German IReriture^^^ assistance in the analysis of the 


in-.ply that the operative repair of a cardiac valve is entirely 
possibility. Wo should remember that operative surgeiT af we 
very young-. Although surgery has an ancient ancest^, nevertl^I- 
wo'lern methods of operating are not old. We do not want to underestimate 
Giat were establislied centuries ago, but is it not true that 
®tand up and walk, so to speak, in tlmSO's and nf thn 
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heart that followed myocardial infarction due to coronary occlusion. 
This group was omitted because the rupture in eases of mj'-oeardial 
infarction is hot traumatic in origin. The group of cases designated 
as cardiac strain also was excluded. This group may be related to 
the general one of nonpeoietrating trauma so far as the possible role 
of increased intracardiac pressure is concerned. The symptoms may be 
similar, but evidence of trauma is not demonstrable at autopsy in cases 
of heart strain. 

On the basis of our analysis we can give in outline form the various 
ways bj'' which nonpenetrating wounds of the heart wei*e produced. 

I. A direct blow over the preeox*dium producing fracture of sternum 
or ribs, the broken ends of which were driven into the heart. ‘ 

a. A cavity of the heart may be penetrated (Heger-Houbotte). 

b. The myocardium may be penetrated, rupture taking place 
daj^’s, weeks or months later (Groom), or the wound may 
heal with recoveiy or an aneurysm of the heart may develop 
later (Joachim and Mays). 

II. Contusion or compression of the heart between the sternum 
anteriorly and the vertebrae posteriorly. This space is occupied 
almost entirely by the heart, and any decrease in it directly 
affects the heart. 

a. The heart may be ruptux’ed. The ribs and sternum may be 
fractured (Kennedy, Ferris), or they may not be fractured 
(MeOscar and Voelcker, Hutchinson, Godlee, Bilderbeck). 

b. The heart may be bruised but not ruptured, and it may or 
may not show functional derangements later. 

III. The application of indirect forces, such as by the sudden com- 
pression of the legs and abdomen (Kellert, Stephens, Copeland). 

IV. Laceration of the thoxmcic viscera, such as may be sustained 
in a fall from a high building (Robertson, Heger-Houbotte, 
Schiitt) . 

V. Concussion of the heart. Although this term has been used 
by several writers, we are unable to detex’mine from the litera- 
ture whether the heart can be disturbed by concussive. forces. 
The distinctive feature of a concussive injuxy is that it is usually 
produced by a force of rapid motion without bringing about 
demonstrable pathological changes. One can assume that func- 
tional alterations in the conduction mechanism of the heart 
may take place without showing organic changes. It is pos- 
sible that stimuli resulting from trauma and txmnsmitted through 
the vagus nexwes can stop the heart. In the case reported by 
Lee and Downs the heart stopped when traction was exerted 
upon the stomach. In the case reported by Glover the heart 
stopped when a gland was dissected from the root of the 
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mesentery in tlie duodenojejunal angle. These probably were 
instances of vagus stimulation. 

The cases that we analyzed can be classified into three groups : (1) 
the group of patients that survived the trauma j (2) the group that 
died of myocardial failure; (3) the group that died of rupture of the 

heart. 

GROUP I. PATIENTS WHO SURVIVED THE TRAUMA 

Inasmuch as the patients in this group survived the trauma,^ the 
diagnosis of cardiac involvement was made on clinical manifestations. 
The group includes twelve cases. 

Case 1.— Hochhavs, quoted fey Loison. Case briefly referred to fey Loison was a 
man forty-tbree years old who was struck fey a plank and sustained fractures of sev- 
eral ribs. Circulatory decompensation developed after the accident, but the patient 
recovered. 

Case 2. — ^Luckinger, 1893. Patient, a male twenty-five years old, fell from a 
load of straw and struck the left side of the chest. No evidence of fractured rifes 
or sternum. Five days after the fall patient developed dyspnea and palpitation of 
the heart. A pericardial friction rufe and a systolic and a diastolic murmur could 
be heard. On the following day these signs and symptoms disappeared, and the 
patient recovered. 

Case 3. — ^Moullin, C. W. Mansell, 1897. Patient, a male twenty-three years old, 
was injured while playing football. The injury was inflicted fey an opponent’s el- 
bow striking against the third left intercostal space. He continued with the game 
for twenty minutes after the accident. Then he collapsed. Twenty-five days after 
the accident the patient was critically ill. The area of cardiopericardial dullness 
had increased, the cardiac sounds were distant, cyanosis was marked. An incision 
was made in the fifth interspace on the left side and the pericardium incised. Six 
pints of thin, dark fluid were removed from the pericardial cavity. Patient 
recovered and was in good health. 

So far as we have been able to determine, this was the only case of nonpenetrat- 
injury in which the operation of pericardiostomy was carried out. In this 
respect it is unique. Whether the heart sustained a bruise was not determined by the 
operation. It wonld seem that the exposure was too limited to afford adequate ex- 
amination of the heart to determine whether or not there was a contusion of the 
myocardium. Experimentally a hemorrhagic effusion not uncommonly develops after 
the myocardium has been bruised. 


Case 4. — ^Eosenson, 1924. Patient was a boy ten years old who three years 
before had received a hard punch over the precordium. Immediately after the 
trauma the child became weak and experienced a fluttering sensation in the region 
of the heart. He was unable to walk. Two days later he attempted to walk, fell, 
and became unconscious. Examination showed pallor of the skin, slight dyspnea, 
and a heart of normal size. The electrocardiogram showed partial (?) heart-block a 
rapid ventricular rate, P-E interval 0.28 second, P- and T-waves feE together The na- 
ticnt was kept in bed for two weeks, and at that time the heart returned to normal 

fnftor a period of observation the heart remained normal The 

author asks the question whether the lesion in this case was a slitrEt Ua n 
or about the node of Tawara, and he makes the comment tlmf tf ^ 
case reported in the literature. ^ ^ similar 
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Case 5. — ^Le-sdson, 1927. Patient was a male twenty j’ears old wlio received a 
ernshing injury to his chest, havdng been compressed between two trucks. There 
were no fractures. The patient immediately had severe pain over the precordium, 
marked dyspnea but no cyanosis. Auricular fibrillation with a pulse rate of 150 per 
minute developed. Dyspnea was increased by exertion. The electrocardiogram taken 
thirty-six hours after the accident showed normal mechanism, and abnormally large 
T-waves in all leads. The patient made a complete recovery. All signs and symp- 
toms of a cardiac nature disappeared. 

Case 6. — Yates, 1916. Patient was a farmer, forty-six years old, who was thrown 
out of a wagon by a runaway team. The fourth and fifth ribs on the left were 
fractured. The chest wall rvas depressed over the axillary region on the left side. 
The patient complained of pain in the chest. He had marked dyspnea. A loud 
splashing sound was heard with each heartbeat, and it was believed that hemopneu- 
mopericardium was present probably from a rib penetrating lung and pericardium. 
This sound persisted for ten days. The patient was critically ill for two weeks. 
He then recovered and was up and about three weeks after the accident. 

Case 7. — Kahn and Kahn, 1929. A woman thirty-two years old weighing only 
82 pounds slipped and fell forward, striking the sternum against the corner of a 
table. Immediately after this accident she felt severe, sharp pain in the pre- 
cordiuni. Tachycardia, dyspnea, and palpitation of the heart also developed. These 
s^Tnptoms were sufficiently severe to make the patient go to bed. Six months after 
the accident she still had marked precordial and sternal tenderness, dyspnea, palpita- 
tion of the heart on exertion, a murmur heard at the apex, and disability due to the 
sternal pain. The electrocardiogram was normal. The authors did not claim that 
this case necessarily was an example of a cardiac contusion. 

Case 8. — Kahn and Kahn, 1929. A man, fifty-five years old, was hit over the 
left lower ribs by a truck. He was unconscious for a short period of time; he had 
intense pam in the left lower abdomen, and an aching, numb sensation in the left 
hj'pochondriac region. That night the sharp, localized pain in the left lower ribs 
became worse, especially on deep breathing. He was dyspneic and had palpitation. 
Two days later pleurisy was diagnosed. One month after the accident the patient 
had a sudden severe localized gripping pain over the left lower ribs. Similar at- 
tacks of pain were accompanied by palpitation of the heart and dyspnea. Hour 
months after the accident the patient was well except for tenderness to pressure 
over the cardiac apex. “Apparently the injury produced uo permanent affection 
of the heart, although the symptoms and the attacks that the patient suffered 
from may be attributed to some direct trauma to the heart.” 

Case 9. — Kahn and Kahn, 1929. This patient was a man forty-nine years old 
who tripped and fell heavily to the ground. Hater in the day^ he felt some tighten- 
ing in the chest and had a little difficulty in breathing. That evening he had 
dyspnea, which was worse the next day. “He remained in bed for a month after 
the diagnosis of acute pericarditis was made.” A month after the accident he 
had dyspnea and a slow pulse of small volume. The heart sounds were somewhat 
muffled. The brachial arteries were somewhat tortuous. The electrocardiograms 
showed normal sinus rhythm, left venti-icular preponderance, inversion of the T-wave 
in Lead I, and the P-wave isoelectric in Lead III. The patient “resumed lighter 
work for five months or more before he died rather suddenly [i.e., about ten months 
after the accident]. Wliether or not the coexistence of acute coronary closure 
figured in its production must remain speculative. ’ ’ 
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CASE lO.-Kahix and Kalin, 1929. ■ A man tliirty-tliree years old was struck over 
tlie front of his chest by a plank of Inmbet which fell from a scaffold 18 feet 
above the ground as the patient was looking up. The patient fell backward, was 
momentarily dazed, got up but was so weak that he had to lean against the bull - 
ing He had dyspnea, and as he walked he was weak and dizzy. He worked 
half of the following day. He spent the next two weeks in a hospital. Examina- 
tion three months after the accident showed auricular fibrillation with a rate of 
150 per minute. ‘ ‘ There was an indication of left ventricular preponderance. Pre- 
mature beats occurred singly or in groups, arising probably in the auricular wall 
in the region of the A-V node.” The arterial pressure was 104= mm. Hg systolic 
and 78 mm. diastolic, Normal sinus rhythm was restored after the administra 
tion of quinidine sulphate. Six months after the accident recovery was complete; 
All symptoms had disappeared. The authors stated that “the pathological changes 
that may have taken place from the injury are necessarily speculative. The pos- 
sibility of subepicardial ecehjmiosis in the auricular muscle is to be considered.” 


Case ll.—Kahu and Kahn, 1929. A truckman sixty-three years old while lifting 
a heavy weight fell and struck his chest on the end of a wagon. He was uncon- 
scious for a few minutes after the accident and then resumed his work. Por the 
next two days he was in bed; his condition became worse, and four months after 
the accident he was placed in a hospital. At that time he had auricular fibrillation. 
Myocardial failure resulted in death five months after the accident. The authors 
concluded that “the patient showed arteriosclerotic myocardial disease and auric- 
ular fibrillation. If the fibrillation had existed prior to the injury, the man would 
have had some distress or inability to do his work. In the absence of this we are 
compelled to attribute the onset of fibrillation to the direct trauma to his chest that , 
he suffered in the fall,” 


Case 12. — Tuohy and Boman, 1931. A man seventy years old while carrying a 
weight of 100 pounds on his shoulder tripped and fell down a stairway, striking his 
thorax a stunning blow. He was not unconscious. He suffered severe precordial 
pain. There were no fractures. An electrocardiogram taken five "weeks after the 
accident showed complete heart-block. One taken after another interval of five 
weeks showed normal sinus rhythm but right bundle-branch block. This condition 
lasted for about ten daj-s, when complete block returned. The authors present this 
query, “What was the relationship of his injury to this decisive interference in 
his conducting mechanism" The answer could be more dogmatically given could 
the interventricular septum be carefully examined. Two general hypotheses present 
themselves; This seventy-year-old man came by his conduction disturbance through 
the usual route of myocardial fibrosis with localization in the interventricular septum 
and affecting the bundle of His independent of liis injury; or the injury induced 
tr.aumatrc sequences, the most likely of which is hemorrhage into the same area. ’ » 


GROUP II. PATIENTS "WHO DIED OP MYOCARDIAL 




This group includes those cases m which death occurred from myo- 
car la ailure.^ The diagnosis was made by necropsy examination. 
The group consists of 11 eases. The cases reported by Blancard (16881 
Aken^ide (176«_botk quoted by Fiseber-wero e.eMed W 
ns group beeouse rt eould not be determined rrbetber trauma or 
mfcotioa was responsible for tbe changes ia the heart. 
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Case 1. Watson, quoted from lUscher. We were unable to find this article 
The case was referred to briefly as one in which the sternum was fractured the 
pericardium torn, and the myocardium bruised. * 

Case 2. Casper, 1857, quoted from Fischer. A male, sisty-sLx years old, vna 
knocked down by a falling sack of corn. One femur was fractured and the leg 
was amputated. Death occurred eight days later. The necropsy examination 
showed fractures of the third thoracic vertebra and several ribs. An extensive 
hemorrhagic area in the wall of the left ventricle was found, measuring about 2 
inches in diameter. 

Case 3. — Markham, 1858. This patient was a man who was injured in a fall 
from an omnibus. Death resulted from hemorrhage in the brain. A bruise the 
size of a silver dollar was found in the interventricular septum. 

Case 4. — ^Werner, 1873. This patient was a child three years old who was ground 
under foot by a cow and died thirty-one hours after the accident. The pericardium 
was intact j there was no intrapericardial hemorrhage. Extravasation of blood was 
found under the epicardium. The myocardium was completely severed on the 
anterior wall of the left ventricle, leaving only tlie epicardium intact. Apparently 
the epicardium alone prevented the escape of blood from the cavity of the heart. 
The tear of the myocardium measured 14 mm. in length. 

Case 5. — Schuster, 1880. A healthy laborer, forty-three years old, received a blow 
on the chest by a harness bar and wms throwm violently to the ground. He immedi- 
ately recovered, but for a period of two weeks he had pain in his chest. While do- 
ing some heavy lifting he developed severe epigastric pain and a sensation of chok- 
ing. The skin became pale, cold, and cyanotic. The pulse became weak and the 
patient died tw’o hours after the exertion. The necropsy examination showed some 
extravasation of blood in the mediastinum and in the pericardial cavity. The left 
ventricular wall and the right auricular wall showed extravasation of blood. The 
right coronary artery and vein were surrounded by hemorrhage. According to the 
description these vessels were encroached upon by hemorrhage. 

Cases 6 and 7.— Hose, 1884, quoted from Loison. One patient was a man forty- 
six years old who was injured by a carriage wheel passing over the chest. He be- 
came unconscious and expectorated blood. Two ribs w'ere fractured. On die 
fourth day after the accident the patient died, and at autopsy a w'ound of the left 
ventricular wall was found. The wound was situated on the anterior surface of 
the ventricle and did not penetrate the cavity of the heart. There was also a small 
perforation of the pericardium, and the left lung was lacerated. The other patient 
was a man thirty-four years old who fell from a height of 14 meters. This patient 
became unconscious and died several hours after the accident. At autopsy a wound 
of the left ventricle was found. It did not penetrate into the cavity of the ventricle. 
The pericardium and the lung were lacerated. 

. Case 8. — ^Potain, 1892. A man, forty' years old, w'as struck over the third rib on 
the left by' the shaft of a wagon. The patient became unconscious for a few 
minutes after the accident. He complained of pain where he was struck. One 
month after the accident he had palpitation of the heart, dyspnea on exertion, an 
irregular pulse, some enlargement of the heart, and a presystolie murmur. The pa- 
tient died thirteen months after the accident. The examination showed an aneurysm 
at the apex of the heart, some dilatation of the conus arteriosus, and chronic myo- 
carditis. 
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CASE D.-THem, quoted from Brcklentz, 1910. This patient was a male who was 
ticked on the left side of the chest by a horse. For a period of two weeks_ f ollow- 
iag the accident the patient suffered with a feeling of substernal oppression and 
impending death. He also had sharp pain radiating down the left arm. Bitteen 
months later he died in an anginal seizure. The examination showed evidence of 
"old hemorrhages” in the interventricular septum. 


Case 10. — Vaquez, 1924. This patient received a violent blow in the region of 
the base of the heart by a carriage pole. Death occurred several months later, 
and an aneurysm in the region of the eonus arteriosus was found. 


Case 11.— Joacliim and Mays, 1927. Tlds patient was a male, twenty-five years old. 
At the age of twelve years he had been run over by a wagon, and several ribs on his 
left side were fractured. At the age of twenty-three years he began to have severe at- 
tacks of paroxysmal tachycardia with a cardiac rate of 170 to 200 per minute. These 
attacks lasted for periods varying from ten minutes to one week and were ac- 
companied by cyanosis, pulmonary edema, and congestion of the liver. He died sud- 
denly at the age of twenty-five years. The autopsy showed an aneurysm of the left 
ventricle on the anterior ivall near the apex. The myocardium at the base of the 
aneurysm was atrophic. 


GROUP in. PATIENTS WHO DIED OP RUPTURE OP THE HEART 


This group consists of 152 cases of cardiac rupture. The diagnosis 
was established by necropsy. An analysis of these cases showed that 
rupture of a cardiac chamber occurred in one of three ways. 

I. Bursting of the heart by compressing it between the sternum 
and vertebrae mueli as a toy balloon can be compressed in 
one^s hand. It would seem that this compression would be 
more destructive if it ivere applied at the moment when the 
heart is filled wdth blood and is beginning to contract as at the 
end of diastole and at the beginning of systole. It would also 
seem that the compression would be more destructive if it were 


applied from the base of tlie. heart toward the apex, thus pre- 
venting the blood from leaving the heart through the great 
vessels. Another factor in this type of injury is the marked 
friability of living cardiac muscle to abnormal forces. It is 
easily cracked and broken, and it would seem that the myo- 
cardium would break open if the heart were flattened out 
against the vertebrae even though it were empty and relaxed. 

II. Contusion of the heart with subsequent softening of the area 
of contusion (Howat, Kugel, O’Neill). Rupture takes place 
hours, days, weeks or mouths later. The intraeardiac pressure 
IS increased by physical exertion, and the bruised myocardium 
blows out when the patient exerts himself. 

III. Increased intraeardiac pressure. This may be brought about 
by the application of forces directly to the heart as already 
refemd to (Stephens, Ferris, Peacock), or it may be produced 

of tbP tr compression 

of the legs and abdomen (Kellert, Saphir). 
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That the heart and pericardium can he ruptured by the sudden ap- 
plication of a compression force limited to the abdomen and lower 
extremities seems to be impossible on a priori considerations. Never- 
theless, Kellert reported the case of a man who was engaged in digging 
in a sand bank when suddenly the sand bank caved in and he was 
engulfed up to his waist. When he was dug out, he was dead. A 
laceration 5 cm. in length extended through the interventricular 
septum and opened both ventricular cavities. The endocardium of 
the right auricle was lacerated. The pericardium was ruptured. Mi- 
croscopically there Avas some fatty infiltration of the right Amntrierilar 
Avail, Amcuolization of the muscle fibers, and an occasional area of 
fibrosis. According to Kellert, “There are tAvo possibilities in ex- 
planation of the lesion in the present instance. First, that the weight 
of the falling earth AAdiich, being soft and adaptable, caused equal 
pressure OA'^er the chest resulting in great compression and bursting 
of the heart, Amry much as though a rubber bag distended Avith fluid 
Avere compressed at its middle. To obtain such an effect Avithout 
fracture of the sternum or ribs seems A’eiy unlikely. [HoAvever, Kel- 
lert stated that the* patient aa^s engulfed up to the Avai.st.] The 
second and more probable explanation is that of hydraulic pressure. 
The large quantity of sandy soil exerted such great pressure over the 
loAver half of the body as to drh'e most of the blood out of the vessels. 
This produced sudden overdistention of the heart, AAdiich Avas probably 
dilated as a result of plysical exertion, AAuth consequent rupture at 
several points. That the force Avas a great one is indicated by the 
ruptured pericardium and hemorrhages in the lung. The pathologic 
changes in the heart, though not A''ery marked, undoubtedly contributed 
to the severity of the injuiy. ” 

Saphir reported the ease of a boy, four years old, who Avas run over 
by a motor truck. The thoracic Avail shoAved no evidence of injury. 
The pericardial caAdty contained about 300 c.c. of blood. The left 
ventricular Avail Avas ruptured for a distance of 6.5 cm. The myo- 
cardium shoAved no eAudeuce of disease. The pehds Avas fractured. 
Saphir stated: “While bloAA^s to the chest cannot be excluded, Ave saAV 
no eAudence of injury to the chest Avail. Therefore the most probable 
explanation is that the rupture of the heart is dependent on the trauma 
of Avhich the greatest force Avas exerted in the region of the right 
pelvis.” 

Stephens brieflj'' recorded an examine of rupture of the heart as 
follows: “A Avell-built lad, aged sixteen, Avas standing near a crane 
from which was suspended a lieaAy steel tube. As the tube AAms lowered 
it pressed against his chest and abdomen j he then stepped back a fcAV 
paces and fell doAvn, dead. Post-mortem examination shoAved the in- 
trapericardial pressure Avas atmospheric, and on opening the sac it 
Avas found to be full of blood. In the right auricle Avas a tear one 



NONPENETRATING WOUNDS OP HEART 


301 


BRIGHT 


AND BECK; 


incli long. Was this due to the back pressure caused by the tube 
pressing on his abdomen? 

Whether the heart can he injured by such indirect forces could not 
be answered by any experimental work that we were able to find. 
Accordingly, we carried out some experiments in which pressure was 
suddenly applied to the legs and abdomen and the compression effect 
upon the heart was studied. In these experiments we found that acute 
cardiac dilatation and failure could be produced, but in none of the 
experiments was the heart actually ruptured. Small hemorrhages in 
the epicardium and myocardium ivere not uncommon. The right 
auricular pressure shoived a marked rise when the legs and abdomen 
were compressed, and it is probable that under certain circumstances 
actual rupture takes place in this way. 

In the 152 cases of cardiac rupture that we analyzed, the way in 
which the trauma occurred was mentioned in 105 instances. In 38 
instances the patient ivas run over by a Avagon, automobile, or train; 
in 22 the patient Avas crushed between tAvo objects, such as a Avagon 
and a Avail or tAvo railroad cars ; in 17 the patient Avas injured by a 
direct blow over the chest as by a club or a fist; in 12 the patient 
Avas struck by a falling object; in 8 the patient Avas kicked on the 
chest by a horse; in 3 the patient urns injured in an explosion; in 2 
the injury Avas sustained from a bullet striking against the sternum ; 
in 1 the injury Avas sustained in a fall ; in 1 the injury Avas sustained 
by the patient having been jumped upon by playmates, and in 1 the 
heart Avas ruptured Avhen the patient Avas engulfed in a sand bank. 

The largest group of eases (29) consisted of young men between 
the second and third decades of life. The second largest group of 
cases (22) consisted of boys betAveen the first and second decades. 
In the entire group there Avere 113 males, 12 females, and 21 cases in 
Avhich the sex Avas not mentioned. 


It is interesting that the four cardiac chambers seem to be equally 
vulnerable to rupture. The right auricle Avas ruptured in 36, the left 
auricle in 30, the right ventricle in 31, the left ventricle in 37, and 
more than one chamber Avas ruptured in 13 cases. The interventricular 
septum Aims opened in 11 cases, and the interauricular septum was 
perforated in 1 instance. 


It is also interesting to note that in 58 of the 152 cases it was 
specifically stated that the ribs or sternum, or both, Avere fractured; 
and in 88 eases either no mention of associated fractures Avas made 
or it Avas stated that there Avere no fractures of the thoracic cao-e It 
should be_ emphasized that the heart can be ruptured by compressive 
01 contusive forces without producing any fractures of the thoracic 
wall. One would expect tliis statement to apply espeeiallv tn thnco 
cases in which the chest wail was pliable as in"h"L wll 
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and men of frail build, but tbe heart can be ruptured in well-developed 
men without accompanying fracture of the chest wall. 

The most frequent cause of death in this group of cardiac ruptures 
was neither the injury to the heaid per se nor exsanguination. In 
76 of the 152 cases of cardiac rupture the pericardium was distended 
with blood and the cause of death Avas hemocardiac tamponade. In 
23 cases an extensWe hemothorax was found. In 15 eases the injuries 
were extensiA’^e and inAmh'ed other Autal parts, and death AA^as in- 
stantaneous. In 7 eases death Avas due to cardiac insufficiency. Tavo 
patients died with purulent pericarditis, one had pneumonia and one 
had pulmonaiy edema. In 21 eases the report Avas incomplete and 
the cause of death could not be determined. 

These eases of cardiac rupture resulting from nonpenetrating trauma 
Avere analyzed in reference to their clinical manifestations and ti’eat- 
ment. Obviously those eases in Avhich death occurred immediately 
can be excluded from this analj’-sis. They shoAvecl the signs of increased 
intrap ericar dial pressure or exsanguination into the thoracic cavity 
or injury to other vital organs. In 47 cases death occurred imme- 
diately after the accident, and in 42 cases the interval Avas not men- 
tioned, but undoubtedly in most instances it Avas of brief duration. 
Thus any form of operative treatment Avas precluded by the time 
factor alone in 89 of the 152 cases. Out of the remainder of the group 
Ave selected those cases in AAffiieh death did not occur Avithin forty-fiA^e 
minutes or an hour after the accident. The second requirement for 
a case to be placed in this group Avas that the injury to the heart was 
not so extensiA’^e but that it might liaA'e been possible to repair it at 
operation. This special group consisted of 30 cases. It is an interest- 
ing group to analyze because it presents opportunities for treatment 
that were not utilized. Inasmuch as operation Avas not attempted in 
any of these eases, the group assumes sufficient importance to present 
it in tabular form. Table I. 

If surgery has something to offer in this group of cases, the ques- 
tions arise as to hoAv the diagnosis can be made, which cases should 
be selected for operation, and Avhat should be done at operation. 

It is apparent from Table I that most patients had a short clinical 
course. Eighteen died Avithin nine hours after the accident. If the 
patient survived the first nine hours, his chances of living through the 
first Aveek Avere someAvhat better than his chances of going through 
the second Aveek. A possible explanation for this is that the area of 
contusion is Aveaker or softer during the second Aveek than it is during 
the first Aveek and that rupture is more prone to take place at that 
time. After the second Aveek it would seem that the area of contusion 
becomes stronger because of the development of scar tissue. In the 
patients who survived the tAvo-week period Ave find the dui’ation of 
life being 30, 39, 49, and 60 dais’s after the accident. Table I also 
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shows that the cause of death in the entire group of cases with one 
exception (exsanguination) was increased intrapericardial pressure. 
Several cases showed some contusion of the myocardium in addition 
to the hemopericardium. In this entire group of cases the opening 
into the cardiac chamber was not extensive, and the bruising of the 
myocardium was slight or absent. 

The most prominent group of clinical manifestations in these cases 
was the sudden collapse. The patient may complain of precordial 
pain, or the pain may be referred to the heart to the left side or^to 
the shoulder. The pulse may be slow or rapid, but as the pressure in 
the pericardial cavity increases, the pulse becomes feeble. Yomiting 
and headache may be present. The patient may be restless, he may 
show great anxiety and may develop air hunger. The vasomotor center 
makes a heroic effort to maintain an adequate arterial pressure. It 
is able to do this even when the output of the heart is reduced 50 
per cent of the normal (Beck and Isaac). A point is finally reached 
when the blood in the venous reservoirs can no longer break through 
the intrapericardial barrier. The skin becomes cold and blanched, 
some cyanosis may be present, but pallor is more conspicuous than 
cyanosis, the blood pressure falls, and unconsciousness supervenes. 
The cardiac sounds become distant and may not be audible. There 
may or may not be any demonstrable increase in the extent of the 
cardiopericardial dullness. To take an x-ray picture of the heart may 
be a waste of valuable time if it should delay an urgent operation. 
The venous pressure is a good index of the intrapericardial pressure. 
The height to which the venous pressure rises in cases of cardiac 
rupture or in stab wounds of the heart cannot be given because such 
determinations have not been made. Such data would be valuable 
because the venous pressure might be a guide as to when operation 
is indicated. Experimentally when the intrapericardial pressure is 
acutely elevated, the heart is brought to a standstill when the venous 
pressure is elevated 13 to 15 cm. of physiological solution of sodium 
chloride. However, if there is active and continuous bleeding in the 
pericardial cavity, the condition is one of great urgency, and time 
does not permit the determination of the venous pressure. A definite 
diagnosis of bleeding into the pericardial cavity can be made by tap- 
ping the pericardial cavity with a needle. Indeed, it might be possible 
bs’- removing some of the blood in this way to keep the patient alive 
until the operation can be done. 

EXPERIMENTS 

In order to study the effect of contusions of the heart, we carried 
out a series of twenty-five experiments the results of which we here- 
with report. Male dogs were selected weighing from 17 to 25 kilo- 
grams. These were trained to lie quietly so that electrocardiograms 
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could be taken. The size of the heart was determined by x-ray ex- 
amination. Etlier anesthesia was used. The heart was exposed under 
aseptic precautions from either the left or the right side. The peri- 
cardium was incised. The cardiac rate was determined. In five 
experiments the left femoral artery and the left jugular vein were 
cannulated and connected to a mercury manometer and a water 
manometer respectively. The myocardium was then bruised. Usually 
this was done by striking the myocardium with a metal dilator weigh- 
ing 40 grams. Eepeated strokes with the dilator were applied to a 
localized area over either the right or the left ventricle. In a few 
of the experiments hard blows were given to the myocardium with a 
considerabty heavier instrument. Three deaths occurred while the 
heart was being traumatized, one from rupture and two from ventricu- 
lar fibrillation. In one experiment 10 c.c. of blood and in another 
experiment 20 c.c. of blood were injected into the interventricular 
septum. After these various forms of trauma were applied to the 
heart, the pericardium was sutured and the wound in the thoracic 
wall was closed. 

Observations : The immediate response of the heart to this trauma 
was an increase in the pulse rate. The tachycardia frequently became 
so rapid that the rate could scarcely be counted. A rate of 160 to 
180 per minute was not unusual. Occasionally the pulse rate became 
somewhat slower, and in a few instances the rate decreased and then 
became rapid. The arterial pressure showed wide fluctuations at the 
time the myocardium was being traumatized. The pressure momen- 
tarily dipped down from about 100 or 120 mm. Hg to 40 or 50 mm. 
Hg, and then after the application of trauma was discontinued, the 
arterial pressure usually ran along 20 to 50 mm. Hg below the normal 
level. Sometimes the arterial pi’essure made a complete recovery to 
the normal level. The venous pressure rose 10 to 15 cm. of water 
while the myocardium was being traumatized, but after the applica- 
tion of trauma was discontinued, the venous pressure returned to 
normal. The myocardium became swollen and discolored after it was 
bruised. This was due to extravasation of blood into the myocardium. 
It was sui'prising to us to see the amount of trauma that the myo- 
cardium could tolerate. Not infrequently the myocardium was bruised 
to such a degree that one would expeet softening and rupture to take 
place. Eupture of the heart did not occur in any of the survival 
experiments. In two experiments the heart went into ventricular 
fibrillation at the time the trauma was applied. In these experiments 
the heart did not recover its normal rhythm after it began to fibrillate, 
and death occurred. In each of these experiments an extensive ex- 
travasation of blood was found in the interventricular septum. In 
one experiment death occurred from cardiac failure a few hours after 
the operation was completed. In the survival experiments, after the 
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effects of the anesthetic wore off, the pulse rate remained rapid, and 
the cardiac sounds Avere faint and distant. In several of the experi- 
ments the cardiac sounds could not be heard for several days after 
the operation; in others the cardiac sounds had a rapid “tick-tick” 
qualitjL This was quite characteristic and helped us later to recognize 
clinically a cardiac contusion in a human patient before death. Even 
though the cardiac sounds Avere scareelj'’ audible and the pulse rate 
Avas rapid, the dog appeared like any other dog AAdien one approached 
his cage. He stood up and shoAved the usual activity, but he Avas not 
alloAved to exercise, and Ave cannot make a statement as to how the 
dog could tolerate activity after a contusion of the heart Avas produced. 
Undoubtedly the circulatory reseiwe Avas decreased. One dog died 
of cardiac failure forty-eight hours after the experiment. At necropsy 
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Fig. 1. — Dog- 120. A, Normal control June 4. 1932. B, After injection of 10 c.c. 
of blood into interventricular septum June 11. Deep Q in Lead I : S-T in Leads II 
and III slightly everted. T in Lead I diphasic ; sharply inverted T in Leads II and 
III. C, June 18. S-T in Leads I, II and III elevated -with sharply everted T-'waves 
of increased amplitude. D, June 24, T large in amplitude in all leads. E, July 13, 
T in Leads Tl and III diphasic. 


50 C.C. of blood-stained fluid Avere found in the pericardial cavity, and 
the heart and the parietal pericardium Avere adherent at the site of 
the contusion. 

The size and contour of the heai’t Avere determined by x-ray pic- 
tures standardized as to distances of plate and target from the heart 
so that comparisons of the shadoAA’^s could be made. In three-fourths 
of the experiments cardiac dilatation Avas demonstrated and the 
cardiopericardial shadoAv had an indistinct boundary. This enlarge- 
ment usually persisted for tAVO or three Aveeks, Aidien it returned to 
the normal size, and the outline of the shadoAV again became distinct. 
In about one-half of the experiments a blood-stained pericardial ef- 
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fusion was demonstrable either by tapping the pericardial carity oi 
by x-ray examination. Occasionally the cardiopericardial shadow re- 
mained somewhat enlarged for a month after the trauma. In about 
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Pig. 2 . — Dog 73. A, Normal control April 24, 1932. B, After 14 blows to left 
ventricle May 14. S-T In Leads I and II slig-htly everted, T in Leads I, .II and III 
Inverted with sharp angnlation, Q in Lead III appeared. C, May 21, Q m Lead 1; 
T upright in all leads (large amplitude in Leads 11 and III). D, May 28. T upright 
in all leads with large amplitude. B, June 16, Q in Lead I deep ; diphasic T in 
Lead I ; T in Leads II and III upright hut of low amplitude. 


*LaL •sidd-' 


ilam 




abode f 


Fig. 3.— Dog 76. A, Normal control April 22. 1932. B, After 50 blows to left 
ventpcle near apex May 10. QRS of low amplitude; S-T in Leads II and III slightly 
everted; T in Leads II and 111 inverted. O, May 14, QRS of greater amplitude: T 
upright in ail l^eads. D, May 21, T in L^eads I and II increased in amplitude. T in 


one-fourth of the experiments the size and contour of the cardioperi- 
cardial shadow did not change from the normal. In clinical cases we 
believe that if a blood-stained effusion can be demonstrated by aspira- 
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tion of the pericardial cavity after an injury, one can consider this as 
evidence in favor of a cardiac contusion. 

■"" J/L4/L 

A B C D E 

Fig. 4. — ^Dog 110. A, Normal control May 10, 1932. B, After 24 blows to wide 
area of left ventricle May 14. Ventricular tachycardia. In Lead III one normal 
beat Is seen. S-T in Lead HI is slightly everted, and T in Lead III is sharply 
Inverted. O, May 21, deep S in Lead I ; QRS low amplitude in all leads ; T increased 
in amplitude in all leads. D, May 28, QRS back to normal amplitude ; T-waves large 
amplitude in all leads. E, June 16, Q-wave appears in Lead I ; T inverted in Lead 1; 
T lower in amplitude in Leads II and III. 



5. — Dog 124. A, Normal control June 4, 1932. B, After 25 blows to right 
ventricle June 11. Ventricular tachycarda. C, June 18, Q in Lead I appears : T in 
Lead I diphasic ; T notched in Leads II and III. D, June 24, T in Leads II and III 
inverted; slight eversion of S-T in Leads II and III. E, July 13, deep Q in Lead L 

The cardiac sounds usually remained faint and distant for a period 
of a week or ten days after the operation. The pulse rate also re- 
mained elevated for about the same period of time. Frequently the 
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normal sinus arrliythmia was lost for two to tliree weeks, but when 
the rate became slower it again appeared. 

The electrocardiograms in these experiments showed a variety of 
alterations from the normal. These were analyzed by Dr. Harold Feil 
and are illustrated in Figs. 1, 2, 3, 4, and 5, and in Table II. The 
most frequent variation from the normal was the production of large 
T-waves and alterations in the Q-wave. Frequently there was a high 
take-off of the T-wave ; sometimes the T was inverted. Slurring and 


Table II 


DOG 

INJORT 

EARLY EFFECTS 

LATER EFFECTS 

32-120 

10 e.c. blood injected 
into interventricu- 
lar septum. Post 
mortem: heart neg- 
ative. 

Deep Q. High take-off of 
S-Tj, 3 , deeply inverted 
T ,. .,’3 (48 hr.). High 
take-off Leads I, II, III. 
Very high T„ ,, 3 . 

15 days: T,, , very 
tall. 32 days: 

Back to normal. 

32- 73 

14 hard blows to left 
ventricle near apex. 
Post mortem ; Scar 
over injury. 

48 hr.: Deep Q. T,, 3 
inverted. 9 days; Tall 
T 

a* 

16 days; Tall T,, 3 . 
35 days: Deep Q. 
T back to normal. 

32- 76 

50 severe blows to 
apex left ventricle. 

Post mortem : adhe- 
sions between peri- 
cardial layers over 
injury. 

Low voltage, slurring QES 
in Leads I, II, III. 

11 days : Large 

Tj, 5 . 24 days: Tj 
shafply negative. 

36 days: Deep Q. 

32-110 

24 blows over left 
ventricle. Post 
mortem ; numerous 
adhesions over epi- 
cardium. 

2 days: Nodal rhythm 
and intraventricular 
block (2-1). High take- 
off S-T in Leads I, II, 
III. 9 days: High 
take-off S-T in Leads I, 
II, III. Very large 

Tj, 3 . QES low ampli- 
tude. 

16 days: Large 

Tj, 3 , 3 . 34 days: 
Deep Q,. T,, , high. 

32-124: 

25 blows to right ven- 
tricle. Post mor- 
tem ; Heart nega- 
tive. 

24 hr. Ventricular tachy- 
cardia. 8 days: Tj in- 
verted. 

14 days: T,, „ in- 
verted. 33 days : 
Deep Q,. 


notching of the QES complex occurred frequently. These deviations 
from the normal electrocardiogram in great part had disappeared 
after about one month, but some of these alterations persisted for a 
longer period of time. It is interesting to note that the electrocardio- 
gram obtained in the experiments in which blood was injected into 
the interventricular septum was somewhat similar to the electrocardio- 
gram obtained in the experiments in which the myocai'dium was 
bruised. This, together ivith the fact that most of the electrocardio- 
graphic changes disappeared after a few weeks, would indicate that 
these alterations were largely due to hemorrhage. The changes in the 
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electrocardiogram are somewhat similar to the electrocardiographic 
changes accompanying tamponade, or arterial occlusion with myo- 
cardial degeneration due either to arterial or to arteriolar sclerosis. 

The animals were killed with chloroform narcosis two or three 
months after operation. All of them appeared to be in good health 
before they were sacrificed. It was amazing to us to see how well the 
myocardial damage Avas repaired. In three of the specimens there 
was no trace of the injurj^ to the myocardium, no adhesions and no 



Fig. 6. — ^The heart was exposed at operation, and the myocardium was injured by 
applying a contusive type of trauma. The damage was repaired by the development 
of scar tissue at the site of the contusion. The myocardial scar can be seen near 
the apex of the heart. Tlie entire epicardial surface in this specimen was adherent 
to the parietal pericardium. In some cases the parietal pericardium seals over the 
contusion and protects it from rupture. 


demonstrable scar tissue formation in the myocardium. In the re- 
mainder of the group, consisting of 14 specimens, adhesions between 
parietal pericardium and epicardium were found. In nine of these 
the adhesions were limited to the area of myocardium that was bruised ; 
while in the remainder adhesions were generalized hut more marked 
at the site of the injury (Fig. 6). In some of the specimens the ad- 
hesions were easily torn apart, but in others the scar penetrated the 
myocardium. In none of the experiments was the entire thickness 
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of myocardium penetrated by scar tissue. The scarred area appeared 
firm and strong, and in no experiment was there any tendency to the 
formation of an aneurysm of the myocardium. Microscopically the 
sear could be traced into the myocardium, but nowhere did it replace 
the entire thickness of the Tentricular wall. It was generally confined 
to the epieardial region. Ljunphocytes were found infiltrating the 
newly formed fibrous tissue and extending also into the subjacent 
myocardium. Also some small blood vessels were seen in the fibrous 

tissue. 

DISCUSSION 

■When we began to study this subject of nonpenetrating cardiac 
trauma, we shared the opinion Avliieh we believe is general, namely, 
that such wounds are exceedingly rare and that so far as clinical 
manifestations and treatment are concerned the subject is of com- 
paratively little importance. This opinion was changed as the data 
were assembled. The entire literature was not available, but the 
number of cases that we were able to analyze was large enough to 
give an accurate idea of the relative incidence of the various types of 
such traumas. The important fact brought out- by this analysis was 
that the number of cases that terminated fatally was relatively very 
high, while the number of cases that recovered was relatively very 
low. In our analysis of 168 cases death occurred in 157. Of these 
157 fatal cases rupture of the heart occurred in 152, or 96.8 per cent, 
and myocardial failure in 11, or 6.5 per cent. The diagnosis in the 
entire group of fatal cases was made by necropsy examination. Of 
the entire group of 168 cases only 12 survival cases were found. This 
was only 7.1 per cent of the total number. The diagnosis in this group 
was made on clinical grounds. If these figures can be considered as 
representative of the true ratio of incidence in cases of rupture, cardiac 
failure, and recovery, then it can be stated that when the heart re- 
ceives a nonpenetrating wound, death almost always follows and re- 
covery seldom occurs. Obviously this conclusion is wrong. In the 
experiments we found that the heart could tolerate a great amount of 
trauma and that rupture was a rare complication. Experimentally, 
recovery was the rule rather than the exception'. We believe we can 
conclude from this data that the vast majority of nonpenetrating 
wounds of the heart are not recognized clinically. These patients 
recover and only the exceptional one dies of the trauma, showing at 
necropsy a rupture or a contusion of the myocardium: These ex- 
ceptional cases find their way into the literature. The other cases in 
which death does not occur apparently do not receive the cori'eet 
diagnosis and are not placed in the literature. 

We hesitate to try to discuss the subject of diagnosis in this group 
of cases because the clinical criteria upon which the diagnosis might 
be based are not infallible. Each of two patients may- have been 
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subjected to similar forms of trauma; both may develop similar clinical 
manifestations, and these in one may be due to a myocardial contusion 
and in the other to coronary disease. An accurate differentiation may 
be impossible. Mistakes can be made in either direction, but the point 
that we should like to make is that the role of trauma is too frequently 
overlooked. A patient who has been in good health, who receives 
either direct or indirect trauma to the chest, who then develops symp- 
toms of circulatory embarrassment should, in our opinion, be considered 
as having sustained a cardiac injury unless other evidence points to 
a different diagnosis. The heart is not immune to trauma whether the 
trauma appear to be slight or serious, whether the symptoms be mild 
and transient or severe and permanent. Naturally an irregularity of 
the pulse, dyspnea, and anginal pain coming on immediately after an 
accident in a patient who had no cardiac symptoms previously causes 
the patient considerable concern and worry. In such cases a diagnosis 
of cardiac neurosis maj'’ be ineoi*rect. Likewise anginal pain and 
electrocardiographic evidence of a myocardial infarct precipitated by 
an accident, such as a golf ball striking against the precordium,* are 
scarcely coincidences. 

Although the literatime on cardiac contusions consists largely of 
case reports, a general discussion of the subject is presented by Kahn 
and Kahn. For purposes of industrial compensation they presented 
what they considered compensation criteria. These are as follows: 

“1. From a labor standpoint, the heart is healthy if a man is able 
for a long period of time to pursue his occupation without distress 
and without long periods of absence from work. 

“2. If, following direct or indirect violence to the chest, signs of an 
intrathoracic cardiovascular lesion develop, which are incapacitating, 
they must be considered the result of an aggravation of a previously 
existing asymptomatic lesion, or the result of damage to a previously 
normal heart. 

“3. As in heaxd strain, the time that elapses between the accident 
and the development of disabling symptoms is very short. There 
must be immediate pain with its concomitants — dyspnea, rapid irregular 
pulse, faintness, and ‘cold sweat, and immediate partial or total disa- 
bility, in order that causal or aggravating relationship be clearly 
established. Temporary improvement with return to usual or lighter 
work, followed by a recurrence of the condition, may occur. But in 
these eases the reappearance of the sjnnptoms and signs should be 
attributed to the original injury.’' 

•We believe that we should make some comment upon the important 
medicolegal question concerning the interval of time between trauma 
and onset of symptoms. Kahn and Kahn are definite in their state- 
ment t hat pain, dyspnea, rapid irregular pulse, etc., should develop 

*J. A, M. A. 101 : 1503, 1933 (Queries and Minor Notes). 
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immediately after the accident in order to establish causal relation- 
ship' between cardiac trauma and cardiac symptoms. As already 
pointed out, almost all cases of cardiac contusion in the literature are 
cases that terminated fatally. These patients sustained a serious 
degree of cardiac contusion, and in the eases of this group that were 
fully reported the symptoms did come on immediate^ after trauma. 
In some of the fatal cases the pulse was slow and not rapid. This is a 
point of difference Avith the statement by Kahn and Kahn. It is also 
supported by oui* experiments. In some of the fatal cases, even 
though symptoms appeared early, these sjmiptoms gradually became 
worse over a period of hours, days, or weeks after the accident. In 
considering eases in Avhieh the trauma is less serious, eases in Avhieh 
recovery takes place, the material for analysis is so meager that we 
hesitate to make a definite statement concerning the possibility of an 
asymptomatic period after the accident. To support the possibility 
of a symptom-free period after trauma are the cases of Moullin and 
of Joachim and Mays. These eases are suggestive of a free, period in 
that the one patient played football after the accident and the other 
developed paroxysmal tachycardia and an aneurysm of the myo- 
cardium years after the trauma. We also knoAv that after a contusion 
has been inflicted upon the myocardium a process of change takes 
place in the myocardium. This consists of capillary hemorrhage, in- 
filtration Avith leucocytes, edema, resolution, and finally scar tissue 
formation. These changes in the myocardium are progressive, and 
Avhile their ultimate result is the formation of a scar, nevertheless 
rupture or an aneurysm may develop subsequently. These complica- 
tions can pi-oduce latent symptoms. On the basis of such data avc 
believe that the onset of symptoms may be someAA^hat delayed in certain 
cases of cardiac contusions. Further data are necessary to establish 
this point. 

TREATMENT 

The diagnosis of a cardiac contusion having been made, Avhat course 
will the patient folloAv? There are several possibilities : (1) the symp- 
toms may disappear hours or days after the accident, and the patient 
may remain Avell; (2) the symptoms may persist for years, and they 
may be accentuated by exercise,- (3) the heart may fail hours or days 
after the accident; (4) the contusion may soften, and rupture may 
take place. Therapeutic measures can be taken to guard against 
myocardial failure and cardiac rupture. Obviously these measures 
consist of absolute rest and the use of morphine or other sedatives as 
necessary. The heart should be saved as much as possible. Any ex- 
ertion should be avoided. Mild laxatives should be given, if neces- 
sary, to avoid Straining at stool. Digitalis may be indicated' for the 
tachycardia or auricular fibrillation. The contusion may rupture any 
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time during tlie first moiitli, but most commonly the rupture, if it 
occurs, takes place during tlie second week. 

According to our analysis of the cases in which rupture occurred, 
surgical intervention should be considered. When rupture occurs, the 
need for immediate operation is urgent. For that reason a surgeon 
should remain in constant attendance; the operating room should be 
in constant readiness so that the fleeting opportunity to suture the 
wound can be utilized. Up to the present time operation has not been 
attempted in any case of cardiac rupture. To Mansell Moullin belongs 
the credit of having evacuated bloody fluid from the pericardial cavity 
in a boy who had sustained a nonpenetrating form of trauma. Be- 
covery took place, but the heart was not explored, and it was not 
determined whether a rupture was present. The hemorrhage in this 
case might have come from the myocardium or it might have been a 
hemorrhagic effusion, such as we observed in our experiments. 

If there is any evidence of a pericardial effusion in these cases, 
tapping the pericardial cavitj’’ Avould seem to be advisable. The 
demonstration of bloody fluid is helpful in diagnosis, the removal of 
the fluid may relieve the circulation. In certain cases it might do as 
much good as operation and might make operation unneeessaiy. 

If signs of increased intrap ericardial pressure develop suddenly, 
indicating rupture, the operation must be done without any delay. 
What one would expect to do at the operation Avould depend upon 
the conditions found. After the mediastinum is opened, the tamponade 
Avould be relieved by opening the pericardium. Procedures to start 
the heart beating may be necessary. If the heart is beating, the 
problem of preventing hemorrhage is presented. The methods of con- 
trolling hemorrhage Avill not be pi’esented here.* Sutures should be 
placed at the site of the hemorrhage. If the myocai’dium is exten- 
sively bruised and softened, grafts of pericardium should be placed 
on the area of contusion and securely .sutured to the myocardium. 
Adhesions between pericardium and myocardium is Nature’s way of 
treating such contusions, but these adhesions may not give a secure 
union, and in our experiments they Avere absent in over half the cases. 
It is not a far stretch of the imagination to apply this opei’ation not 
only to these traumatic cases but also to those cases in which myocardial 
infarction due to coronary disease is present. Such a graft placed 
over an infarct should afford protection from rupture. 
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MECHANISM OF PAIN PRODUCTION IN ANGINA PECTORIS* f 


Louis N. Katz, M.D. 

Chicago, Ilu. 

INTRODUCTION 

D uring tlie past few years Ave have investigated several aspects 
of the problem of pain production in angina pectoris. The work 
dealt in part Avith patients haAung angina pectoris, in part Avith the 
production of pain in contracting skeletal muscles in normal persons, 
and in part Avith animal experimentation. In this report an attempt 
is made to summarize brieflj’' the Amrious deductions and conclusions 
derived from the foregoing studies. 

The subject of angina pectoris is an old one, and the theories con- 
cerning the mechanism of its production are manifold. At the present 
time, hoAvever, the majority of woi'kers have come to aucav ischemia 
of the heart as the most likelj’- cause for angina pectoris. There is 
no need of revicAving the pei'tinent literature in aucav of the several 
excellent revicAvs already published among AAdiich the more recent are 
those of Keefer and Resnik^ and LcAvis.® 

The evidence for the ischemic theory of angina pectoris has been 
derived from four sources: (1) that based on clinicopathological cor- 
relations; (2) that based on elinico-electrocardiographic correlations; 
(3) that dealing with observations on contracting ischemic skeletal 
muscles; and (4) that dealing with observations made on animals. 


ClilNICOPATHOLOGICAL CORRELATIONS 


While the commonest pathological lesions found in patients Avith 
angina pectoris are coronary sclerosis and myocardial fibrosis, these 
lesions of the heart often occur Avithout being associated Avith angina 
pectoris. EA'^en in coronary thrombosis the dramatic clinical picture 
is sometimes absent (cf. Saphir, Priest, Hamburger and Katz®). It 
is not difficult to explain the occurrence of pain in the foregoing con- 
ditions on the basis of relative or absolute ischemia of the heart. It 
is much more difficult to account for the absence of pain AAdien a 
similar degree of ischemia is present, unless some other factor or 
factors are concerned. 


’From the Cardiovascrulai- LaboratoiT, Department of Physiology and the Heart 
Station, Michael Reese Hospital, Chicago. 

y?.® Frederick IC Bahson Fund and the Emil and Fanny Wedeles Fund 
lor Study of Diseases of the Heart and Circulation. 

lan^*^^June^l2^\^^-f Annual Session of the American Heart Association, Cleve- 
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CLINICO-ELECTROCABDIOGKAPHIC CORRELATIONS 

A similar conclusion was readied from an analysis of clinico-electro- 
cardiograpliic studies. In confirmation of tlie work of others we have 
found that bodily exercise and generalized anoxemia may precipitate 
attacks of angina pectoris in patients suffering from this disease, 
usually with alterations in the electrocardiogram similar to those in 
spontaneous attacks of angina pectoris. Similar electrocardiographic 
changes were produced in normal persons by these procedures without 
causing precordial pain and such electrocardiographic changes were 
found in patients with a history of angina pectoi’is following anoxemia 
or exercise even when unaccompanied hy attacks of angina pectoris 
(cf. Katz, Hamburger and Lev,"* Katz, Hamburger and Schutz,® and 
Katz and Landff). These results also indicate that some other factor 
besides ischemia plays an important role in the production of angina 
pectoris. 

OBSERVATIONS ON ANIMALS 

A clue to the possible factors involved was derived from our animal 
experiments. In the course of an investigation of the pathivays taken 
bj’’ the pain fibers in the dog we had occasion to repeat some of the 
experiments of Sutton and Luetlff and were surprised to find that the 
responses recorded by these authors did not alwaj^s occur (Katz, Mayne 
and Weinstein®). We were able to confirm the observations of previous 
workers that occlusion of the coronary vessels and the surrounding 
tissues in the unanesthetized dog gave rise to effective responses re- 
sembling an anginal attack.. The response was similar to that ob- 
tained on compressing a superficial somatic sensorj^ nerve except for the 
inability of the animal to locate the site of irritation. However, our 
results showed that the pain response was not due to the occlusion of 
the coronary artery hut to stimulation of afferent pain fibers located 
in the nerve plexus surrounding the vessels. The evidence for this is : 

(1) Occlusion of a carefully isolated strip of the coronary artery 
gave no response, hut a definite response was obtained when the un- 
disseeted coronary vessel rvas conrpressed above and below this point. 

(2) Destruction of the nerve plexus surrounding the vessel with 
phenol-alcohol abolished the response to compression, but the response 
was still positive wheir a region above the phenolized area was stimulated. 

(3) Complete preliminary occlusion of the carefully isolated coro- 
nary artery did not prevent a positive response to compression above 
or below this point. 

(4) Pericardial “tamponade” following bleeding from a ruptured 
coronary aitery caused syncope but no “anginal” response. 

Positive responses occurred only when the region about the coronary 
vessels was compressed, the rest of the myocardium and epicardium 
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was found to be insensitive to pressure stimulation. As a result 
of this study it can be concluded that ischemia of the myocardium 
need be only one of many mechanisms operating on the nerve end- 
ings and nerve fibers surrounding the coronary vessels which can 
give rise to anginal attacks. It is conceivable that sudden rises in 
blood pressure could mechanically stimulate these nerve endings and 
give rise to pain attacks. Furthermore the direct action of the arte- 
riosclerotic processes on the coronary vessels spreading to the ad- 
ventitia and accompanied by periarterial changes could render the 
nerve endings within the walls at first hypeririutable and later, by 
destruction, insensitive to stimulation. Such changes would most 
certainly alter the pain response. Stimuli which would ordinarily 
be without effect on the pain endings might be effective when the 
nerve endings were hyperirritable. This may be the crux in the 
difference in response to the same stimulus in different patients. It 
must be further borne in mind that during the process of involvement 
of the nerve endings and also of the nerve fibers in the adventitia, 
the actual advance of this pathological process may by itself give 
rise to painful attacks as successive groups of fibers and endings are 
first stimulated and then destroyed. Myocardial infarction maj’- op- 
erate in exactly this way on the nerve endings and neiwe fibers present 
in the infarcted area. 

It is not unlikely that the pain response obtained by Sutton and 
Luetlff in probing the mouths of the coronary vessels might have been 
due to stimulation of this nerve plexus rich in pain fibers and not 
directly to the occlusion of the mouths of the coronary arteries. It 
is indeed possible that even sudden death, the result of ventricular 
fibrillation, could have been caused by reflex or direct nerv^e stimulation. 

OBSERVATIONS ON CONTRACTING SKELETAL. MUSCLES IN NORMAL PERSONS 

The greatest support for the ischemic theory has come out of the 
work. on human skeletal muscle. It has been known for a long time 
that continuous pain can be produced in contracting skeletal muscle 
when the muscle is rendered ischemic. The concept that it is due to 
spasms of the vessels has been definitely disproved by the work of 
Lewis, Pickering and Rothschild.^ The immediate factors responsible 
for the muscular pain have not been fully established. The pain which 
develops, in contracting muscles during ischemia might be caused (1) 
by the direct or indirect action of the lack of oxygen which accompanies 
ischemia, (2) by the diminution of other materials normally supplied 
by the arterial blood, (3) by the incomplete mechanical removal of 
products of muscular metabolism which follows the retardation of the 
blood flow, or (4) by the combined action of several of these factors. 
The observations made in this laboratory on this phase may be sum- 
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marized as follows (Kissin,"'’ Perlow, Markle and Katz,“ and Katz, 
Landt and Lindner^^) . 

• (1) Generalized anoxemia, without impeding' the circulation to a limb 
or obstructing its venous floAv, lessens the amount of exercise necessary 
to cause continuous pain in the contracting muscles. The amount of 
exercise needed to cause pain decreases progressively but not linearly 
as the generalized anoxemia is augmented. 

(2) Obstructing the venous flow in an otherwise normal limb also 
decreases the amount of exercise needed to cause pain, and in propor- 
tion to the degree of stagnation produced. 

(3) When the circulation is free and anoxemia is absent, increasing 
the rate of exercise decreases the amount of exercise required to 
cause pain. 

(4) A preliminary period of complete ischemia before starting the 
exercise definitely lessens the amount of exercise required to cause pain. 

(5) Continuing the ischemia of the limb after stopping the exercise 
short of the point at which previous tests have shown that pain will 
appear, will lead to the appearance of pain after a long lag. This lag 
was found to be from 20 to 80 times longer than the time at which 
pain would have appeared if the exercise had been continued — ^which 
is roughly of the order of magnitude of the ratio generally accepted 
to exist between the metabolism of resting and exercising muscle. 

(6) The condition of the limb before the exercise is started deter- 
mines the amount of exercise required to produce pain, there is thus a 
definite pre-pain stage. 

(7) Elevating the COo content in the blood contained in an ischemic 
limb lessens the amount of exercise necessary to produce pain. 

(8) Alkalinization of the subject by large quantities of sodium 
bicarbonate definitely increases the amount of exercise required to 
produce pain. 

(9) We have confirmed the observations of Laplace and Grane^^ 
that fatigue, rather than unbearable pain, may, in some instances, 
make it impossible to further contract the muscles. 

(10) We have obtained definite evidence that a substance formed 
during exercise of one group of muscles can pass the lungs and into 
another group of muscles, so that the amount of exercise required to 
cause pain is decreased in the latter. 

Prom these observations we conclude that the stimulus for pain ap- 
pears to consist of some metabolic product (or products) which is 
produced quantitatively in proportion to the work done by the 
heart. The amount of the chemical product produced for a given 
quantity of work is increased when the heart works inefficiently. Such 
inefficiency in cardiac work occurs especially when the diastolic blood 
pressure is elevated, because the heart has to exert more effort in 
raising the pressure of its contents above the diastolic aortic pressure 
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before it can expel tbe blood. This in paid is also the cause for tbe 
inefScieney of tbe rapidly beating heat. A similar inefficiency occurs 
when the heart is failing, because the heart dilates in order to do 
its work. 

The accumulation of the metabolic product which acts to stimulate 
pain is checked in part by a mechanical and in part by a chemical 
process. The first is a washing away of the substance by the circulat- 
ing blood; the second is a local conversion to some other substance in 
the presence of oxygen. This pain producing substance will, there- 
fore, increase in concentration whenever the circulation is slowed or 
whenever the oxygen content of the blood entering the coronary 
arteries is decreased. 

Our work indicates that a pre-pain stage exists in which the meta- 
bolic product causing pain is increased in amount but not sufficiently to 
stimulate the pain end organs. As in the ease of all sense organs, a 
certain threshold value must be reached before the end organs re- 
spond. In the pre-pain stage the concentration of the eliemical prod- 
uct may vary within wide limits (from zero to the thi*eshold value). 
This variability in concentration in the pre-pain stage is one of the 
reasons for our inability to predict whether or not a given set of cir- 
cumstances will lead to a paroxysm of pain. It may explain in part 
why the factors required to cause pain are so valuable in different 
patients and even in the same patient. 

SUMMARY 

In other words it would appear that the stimulus for pain is a meta- 
bolic metabolic product (or products) which can readily diffuse into the 
blood stream and which can be quickly altered in the presence of an 
adequate supply of oxygen. The accumulation of this product is de- 
pendent upon the amount and character of the physical work and the 
efficiency, on the one hand, and the quantity of the oxygen and blood 
supply on the other. When this substance reaches a concentration 
above the threshold of the pain end organs, pain results. This chemi- 
cal product appears to be acid in character, or at least one that is 
additive with acid substances and is “neutralized" by alkaline sub- 
stances. In all probability it is some substance like lactic acid or 
phosphoric acid formed during the catabolism of muscular activity. 

Work remains yet to be done on many aspects of the problem of 
pain production, especially in accounting for the variations in pain 
responses under what seem to be similar conditions. Au important 
factor responsible for this variability, it seems to us, is the incon- 
stancy of the state of the pain receptors and pain pathways and the 
fluctuation in the sensorium for perception of pain sensation. Work 
on these phases is now in progress. 



KATZ: PAIN PRODUCTION IN ANGINA PECTORIS 


327 


REFERENCES 

1. Keefer, C. S., and Eesnik, W. H. : Arch. Int. Med. 41: 769, 1928. 

2. Lewis, T. : Arch. Int. Med. 49: 713, 1932. 

3. SapMr, O., Priest, W., Hamburger, W. W., and Katz, L. K.: Am. Heart J. 

(in press). 

4. Katz, L. N., Hamburger, W. W., and Lev, M. : Am. Heart J. 7 : 371, 1932. 

5. Katz, L. N., Hamburger, W. W.. and Schutz, W. J. : Am. Heart J. 9: 771, 

1934. 

6. Katz, L. K., and Landt, H.: Am. J. M. Sc. (in press). 

7. Sutton, D. C., and Lueth, H. C. : Arch. Int. Med. 45: 827, 1930. 

8. Katz, L. N.f Mayne, W., and Weinstein, W.: Arch. Int. Med. (In press). 

9. Lewis, T., Pickering, G. W., and Kothschild, P. : Heart 15: 359, 1931. 

10. Kissin, M.: J. Clin. Investigation 13: 37, 1934. 

11. Perlow, S., Markle, P., and Katz, L. N.: Arch. Int. Med. 53: 814, 1934, 

12. Katz, L. N., Landt, H., and Lindner, E.: Unpublished. 

13. Laplace, L. B., and Crane, M. P. : Am. J. M. Sc. 187: 264, 1934. 



PATHOLOGY OP CORONARY SCLEROSIS* 


Timothy Leary, M.H. 

Boston, ^Iass. 

C OMPARATIVE study of a large series of coronary arteries from 
cases in which lesions of these vessels have been responsible for the 
fatal issue revealed histological differences winch catised the cases to 
fall into two gronps.f The first of these groups was found to include all 
of the younger members of the series with two exceptions. The second 
group included, with these exceptions, the older members of the series. 
The exceptions, on mici’oscopical examination, were found to be secondary 
processes in eoronaiy arteries in young men in which earlier thrombosis 
and repair had occurred, thus leading to conditions which produced 
lesions typical of the older group. The ages covered by the first group 
of fatal cases were from twenty-five to fifty-five years. Tlie ages in the 
second group were from forty-seven years up to old age. 

Microscopically the lesions of the first group were characterized by 
fibrosis and a minimal persistence of lipoid cells. Per contra the lesions 
of the second group were distinguished by the massing of lipoid cells and 
a relatively small amount of fibrosis. It became apparent that the dif- 
ferences in these two series were dependent upon a reaction to the pres- 
ence of lipoid cells in youth which caused a stimulation of connective 
tissue that tended to replace the lipoid cells as they were deposited. In 
the older group this reaction was lacking and lipoid cell deposits be- 
came so excessive, with attendant poor nourishment, that massive necrosis 
and formation of atheromatous cavities became the standard picture be- 
fore death. 


Since the differences described appeared to center about variations in 
the phenomena associated mth the appearance of lipoid cells in the 
lesions, resort was had to the study of the earliest lesions obtainable in 
an effort to determine the provenance of these lipoid cells and the evolu- 
tion of the lesions which were associated with them. 

Three sources pi’oved helpful : first, examination of the finer branches 
of the coronary arteries in young individuals whose main trunks had 
undergone advanced processes; second, the routine study of sections of 


Read at the Tenth Scientific Session of the American Heart Association, Cleveland. 
June 12, 1934. 

♦From the Medical Examiner Service, Suffolk County, Mass. 

custom to lay open the coronary arteries with so-called coronary 
fuse the '^’sturbs the normal relations and has tended to con- 

with a sharp ■ k^ife ^ arteries should be examined grossly by serial eross-sections 
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coronary arteries in young individuals who had died from any cause; 
third, the study of sections of the coronary arteries from cases of con- 
genital heart disease. 

It is recognized that tlie eoronaiy arteries undergo at least more un- 
usual and prohahly greater stresses than do other muscular arteries. The 
stresses are greater heeause the eoronarj’^ arteries originate at a point 
where the highest arterial pressures are found, i.e., at the aortic ring. 


Pip. 1. 



Pj&. 2. 


Pig. 1. — ^Left coronary branc'h. Eipoid cells. 

Pig. 2.— -Left coronai-y brancli. Note tlie normal internal "buffer” layer lining ves- 
sel apart from the atherosclerotic nodule, from same lesion shown in Pig. 1, at a 
lower level. Fat stained with Sudan IV. 

It is generally agreed by physiologists that those portions of the coronary 
arteries which lie in the subepicardial tissues are subjected during systole 
to pressure from the blood vnthin the aorta and resistance from their 
myocardial branches which are being compressed by the contracting 
heart muscle, so that during a part of the cardiac cycle the pressures 
in the larger coronary vessels are unusual. It is further probable that 
the cniwe which the left eoronarjr takes in its proximal inch, from an 
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orifice at right angles to tlie aortic wall to a position paralleling that 
wall, causes this portion of the vessel to nndergo great stress. The 
origin of a large branch, the circumflex, probably also influences the 
pressures within this region, which is the favorile locus for serious or 
fatal forms of coronary atherosclerosis. The formation of a buffer layer 
of unstriped muscle and fibrous tissue in the subcndothelial layer of the 
intima of the coronary arteries, and notably in the proximal portion of 


fik. 3. 



FJgr. 4. 

Fig. 3. — Left coronarj' artery. Fibrosis near lumen— lipoid cells in depths. 

Sudan ‘=o*’°”ary artery, from same lesion as Fig. 3. Fat stained with 


the left coronary artery, as a standard finding in these vessels, even in 
early youth, is probably due to the great and unusual stresses which 
these vessels undergo. 

The study of the left coronary artery in cases of congenital heart dis- 
ease was fruitful, since unusual stresses were to be expected in the effort 
to overcome the developmental faults in the organ. The earliest athero- 
sclerotic processes were found in the left coronary arteries of hearts 
with congenital disease. 
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Early stages in the progressive ehanges in the eoronary artery of a 
young individual are well shown in the ease of M. R., from whose left 
coronary the sections illustrated in Pigs. 1 to 4 were obtained. A boy, 
eighteen ye&vs old at the time of his death, had a traumatized hip when 
seven years of age, followed by tubercular disease. He was treated 
through the following years but healing was accompanied by fixation of 
the hip joint. One year before his death he developed pleuritis with 
effusion, which subsided. Following a plastic operation to relieve the 
deformity of the hip, wound infection leading to streptococcus septicemia 
caused his death. The heart was submitted for routine coronary exam- 
ination through the courtesy of Dr. Frederic Parker, Jr., by Dr. Edward 
Hayes. In Pig. 1 is seen the earliest lesion, a collection of lipoid cells 
beneath the intima of a branch of the left coronary arteiy. Pig. 2 is from 
a frozen section at almost the same location and is stained with sudan 
IV. The largest masses of the lipoids occur beneath the surface endo- 
thelium where they lie in large macrophages which are of recent origin. 
The lipoid cells which have migrated more deeply are smaller, and 
therefore the lipoid masses are smaller in the depths. Fig. 3 is from a 
section of the main left coronary artery above the orifice of the circumflex 
branch, which came off at a low level. The more advanced intimal 
process is marked bj’’ fibrosis of the inner layer, and spaces appear in the 
deep layer representing lipoid cells which had migrated more deeply as 
fibrosis progressed internally. A frozen section from the same location 
(Fig. 4) , stained with sudan W, reveals the lipoids now placed deeply 
beneath the inner fibrous layer, including some invasion of the media. 

Beginning Avith these early lesions and proceeding through older 
processes to the late fatal lesions one can reconstruct the stages in the 
development of a disease, the beginnings of which may be found in the 
earliest days of life. 

The earliest phenomenon is the deposit of free lipoid beneath the 
endothelium of arteiaes, i.e., lipoidosis. That stresses favor this deposit 
is suggested from the sites in ivhieh lipoid material occurs in the aorta, 
in wliich vessel they are most readily seen and have been most exten- 
sively studied. The deposit is evidently bland and does not provoke a 
fibrous reaction even in the I’^ery young. 

^ The next step is the appearance of phagocytic cells ivhich enguH the 
lipoid. The origin of these cells is still undetermined. They are not 
histiocytes, i.e., wandering connective tissue cells which have been resting 
in the tissue interstices. Wlien these cells engulf and remove blood from 
a clot, for example, they can be seen throughout the tissues in the neigh- 
borhood of the clot. Nothing resembling this picture is seen in either 
human or experimental atherosclerosis. The cells may be monocAdes 
which invade the regions ivliere lipoid is being deposited or nerhaps in 
some cases cany the lipoid into the regions where they come to rest 
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Study of both experimental and human lesions makes me lean toward 
a belief that these cells arise locally from tlie subendothelial connective 
tissue. 

The occurrence of lipoid cells is progressive in most cases, now cells 
replacing the old in tlie surface layer as tlie old migrate to a deeper 
position or are replaced by fibrous tissue. In some eases they apparently 


Fifr. 5. 



Fiff. C. 


Fig-. 5. — Early diffuse fibrosis developing in an early lesion of a small left coro- 
nary branch in a man of twenty-eight years, whose death was due to thrombosis of 
the left coronary arterj% descending branch, beginning 1.5 cm. from orifice. 

6. — Typical fibrotic lesion with thrombosis in the descending branch of the 
left coronary artery of a man twenty-six years of age — eccentric fibrosis, nutritional 
necrosis of the layer farthest away from the lumen ; acute fibrinous necrosis, terminal, 
near lumen. Note hypertrophy of media. 

arise cyclically as indicated by the deposit of lipoid cells and fibrous 
connective tissue in layers. The presence of lipoid cells in the intima 
of the young, rabbit or man, is followed by a groivth of fibrous tissue. 
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There is a suggestion that metabolism of the lipoids within the cells is 
responsible for the stimulating effect upon the neighboring connective 
tissue. Free lipoid, in lipoidosis, does not have this effect. Fibrosis may 
be a focal process arising in the depths of the subendothelial tissue and 
progressively replacing the lipoid cells, abolishing them as it spreads. 
More frequently it is a diffuse process, the reticular strands between the 
lipoid cells increasing in thickness in the young as the cells decrease in 
size until finally the cells disappear (Fig. 5). 

The nutrition of the newly formed fibrous tissue is dependent upon 
imbibition from the lumen. As the fibrotic layer increases in thickness, 
the nutrition of those portions which are most distant from the lumen 
tends to suffer. The lesions are usually eccentric, the narrowed lumen 
dislocated to one side (Fig. 6). In advanced lesions it is usual to find 
a crescentic region of necrosis of those portions of the intimal tissue 
most distant from the lumen, i.e., next to the media. The necrosis of 
the intimal tissue tends to be preceded or accompanied by a deposit of 
fat either in droplets or more diffusely along the broad collagen bands 
which often make up the deeper lajmrs. This secondary fat deposit is 
probably related to degenerative changes in the fibrous tissue preceding 
necrosis. Lymphoid cell infiltration, absent from the early stages, tends 
to occur at this time. 

The fatal issue most frequently arises as the result of a new and dif- 
ferent type of necrosis, fibrinous or fibrinoid, arising focally in the 
fibrous tissue near the lumen and extending to the endothelial layer. 
Endothelial necrosis is followed by thrombosis. Or death may be due 
to inadequacy of the circulation through the narrowed lumen under con- 
ditions of stress without thrombosis. The more significant strains on 
the cardiac functions which tend to lead to fatal terminations are, in 
the order of their importance, indigestion, physical or psychic stress, 
and exposure to cold. 

So much for the picture in youth. In older human beings the same 
appearance of lipoid cells provokes no fibrosis. As new cells arise the 
older cells migrate or are forced to a deeper position, and ultimately 
large collections of these cells are found. Their nutrition is hazardous, 
depending as it does on imbibition, either from the lumen or sometimes 
from vasa vasorum. There is no true vascularization of the cell masses. 
The cells occur in spaces in a delicate linear reticulum either singly or in 
small groups in each space. Necrosis, usually massive, is the standard 
outcome. The lipoids are freed from the ceUs. According to the studies 
of Kimmelstiek the lipoid esters making up the contents of these 
atheromatous foci are mixtures of esters of cholesterol, phosphatides and 
cerebrosides. Cholesterol is a relatively insoluble hydrophobic eoHoid 
Mnxtures of its esters ^vith those of other lipoids, which tend to form 
hydrophilic emulsions, increase the solubility of the cholesterol.' When 
extensive necrosis of lipoid cells occurs, the more soluble lipoids appear 
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to be largelj^ absorbed from the mixture, leaving the relatively insoluble 
cholesterol, which crystallizes out. An atheromatous cavity may contain, 
therefore, some living lipoid cells, cell detritus and crystals of cholesterol, 
together with fluid which may include lipoid esters or free lipoid. 

The formation of an atheromatous cyst, cavity or “abscess,” as it used 
to be called, presents a new hazard. Located in tlvc intima of a muscular 
artery which is constantly undergoing dilatation and contraction is a 
cavity filled with semifluid material. Rupture of an atheromatous 
abscess in the aorta is attended with no considerable danger. The con- 
tents are broken up in the rapidly moving stream and the fine solid frag- 
ments diffused widely. In the coronary artery, rupture usually leads to 
obstruction of the lumen of the vessel near the point of rupture (Fig. 
7) or to complete plugging of branehe.s. The material is not broken up, 
but acts as a semisolid mass. In most eases death is sudden, but time 



Fig". 7. — Point of I’upture of atheromatous “abscess” in a man sixty-six years of 
age. Descending branch of left coronarj-^ arterj^ 2 cm. from orifice. Lumen to the 
left and above filled with contents of “abscess.” The vessel below this level con- 
tained clot and "abscess” contents. 

Pig. 8. — Section of left coronao' artery of a man sixty-two years of age. There 
are four atheromatous "abscesses.” The central lumen is filled with clot and "ab- 
scess” contents. Probable rupture of the atheromatous focus nearest lumen. 



enough has usually elapsed before the death to permit of clotting, either 
platelet or mixed clots arising (Fig. 8). As in the young, death may oc- 
cur from coronary insufficiency, under stress, without rupture of an 
atheromatous cavity or thrombosis. 

Mucoid changes in the later stages of atherosclerotic processes are not 
uncommon. They have the character of secondary degenerative processes 
and are met with usually in the intima but also in the media. In mj’’ 
experience so-called mucoid degenerated tissue is the substratum left in 
celloidin or paraffin sections after extracting lipoids by the fat solvents 
used in preparing tissue for paraffin or celloidin imbedding. In frozen 
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sections the lesions show free lipoids in the loci found in paraiSn sections 
which exhibit mucoid changes. 

Jenner’s famous letter to Parry reporting calcification of the coronary 
arteries in the first ease described in England, shortly following Heber- 
den’s coinage of the term “angina pectoris,” has led most clinicians to 
look upon calcification of the coronary arteries as common and important. 
Calcification of the coronary arteries is a much later manifestation and 
less common than is calcification in the aorta. The deposit of lime salts 
in tissues is always an end-result, of monumental character, marking 
the site formerly occupied by living tissue. Prom any standpoint cal- 
cification is of no importance in the etiology of the lesions and is only 
significant in that a coronaiy vessel converted into a rigid tube is no 
longer subject to the influence of spasm of the media, though on the 
other hand it is no longer capable of dilating. 


COMMENT 


The lesions of atherosclerosis have been found in this series as early 
as the third day of life in the left coronary artery of a case of congenital 
heart disease (pulmonary and tricuspid atresia, cor triloculare). The 
lesions are not rare in coronaries of the first decade of life and are more 
common in the second decade. Fatal coronary thrombosis is found in the 
third decade and is relatively common in the decades which follow. 

One can conclude therefore that atherosclerosis is a disease and not 
the inevitable consequence of age. 

Study of the early lesions of atherosclerosis demonstrates that inflam- 
matory elements are lacking. The lymphoid cell infiltration met with in 
the late stages is usually associated with secondary necrosis arising in the 
thickened intima, or appears in connection with terminal infections. The 
disease is therefore not inflammatory in origin. 

The distinctions between the lesions of youth and old age are de- 
pendent upon a reacting ability in youth which results in fibrosis and 
upon a lack of this reaction in age. 

Early lesions are always intimal Avith secondary effects on the other 
layers of the vessel Avail, Though stresses are probably causative factors, 
morphological evidence of damage to the elastica is usually a secondary 
phenomenon. The media is more often hypertropliied, either locally or 
generally, than not. Evidence of other pathological change in the media 
is also secondary. 


The lesions of atherosclerosis center about the deposit of lipoid ceUs 
m tlie intima. One can conclude that this disease with its intimate 
relation to lipoid cells is probably metabolic and results from the failure 
of a mefaWism having to do with lipoids. Is there sneh a metaholism! 
Cholesterol is a l.po.d wlneh is found in nature only in animal bodies 
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and their products. We think of it in terms of blood and bile cholesterol. 
We forget that cholesterol is the basic substance of cveiy animal cell. 
Starling looks upon it as the stable material of the animal cell, relatively 
insoluble and fixed, serving as the framework, so to speak, of the cell, in 
the interstices of which the more labile substances undergo their metab- 
olism. All of the human supply of cholesterol is derived from ingestion. 
None is sjmthesized, as far as is Iniomi. The herbivora SAuithesize choles- 
terol, possibly from the closely allied phytosterols, which liavc the same 
formula as cholesterol, but a different molecular arrangement. The cell 
needs for cholesterol arc greatest in times of rapid cell division. Egg 
yolk rich in cholesterol is intended for the embryo. !Milk, the fats of 
which contain cholesterol, is intended for the infant. The increase in 
blood cholesterol in pregnancy is a mobilization of this substance for 
the needs of the fetus in utero. 

Man is the onty animal that ingests eggs and milk throughout its life- 
time. Man is also the only animal, as far as is laiown, that dies in early 
life of coronary sclerosis, and suffers almost universally from athero- 
sclerosis in the later years of life. 

Finally it is possible to reproduce the lesions of human atherosclerosis 
in the rabbit, by the feeding of cholesterol, klorcovcv human dietary 
experience in diabetic individuals supports' the results of rabbit experi- 
mentation, Under excessively fat diets rich in cholesterol, atherosclerosis 
increased at such a rate as to focus attention, xanthomas were common, 
and atherosclerotic calcification of the leg arteries of children could be 
demonstrated by roentgen examination. Kecent reports from the Joslin 
clinic indicate that under a lowered fat diet atherosclerosis is less out- 
standing, xanthomas no longer occur, and evidence of calcification of leg 
arteries in children is lacking. 

Atherosclerosis has close analogies with that other important metabolic 
disease, diabetes. In both rabbits and man variations in idiosjmerasj’' to 
cholesterol are evident. As in diabetes the inheritance of a poor choles- 
terol metabolism may result in early manifestation of disease in the form 
of coronary sclerosis. As in diabetes the loss of efficiency of the metabolic 
machinery with age results in more frequent late manifestations of the 
disease. As in diabetes the secretion of a ductless gland appears to con- 
trol the metabolism. Thyroid feeding is apparently capable of prevent- 
ing the production of experimental atherosclerosis in the rabbit. 

It has been observed for many years that arteriosclerosis was related 
to the inheritance of a familial diathesis or disposition which might mani- 
fest itself in the form of diabetes, gout, or obesity. As one glances at 
the group it is apparent that these are all disturbances of metabolism. 
The demonstration that atherosclerosis, the most important form of 
arteriosclerosis, is a metabolic disease, fits it appropriately into this 
group. 
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SUMMARY 

From this study of the lesions of coronary sclerosis it is evident that 
the pathology of the disease as described in most textbooks needs to be 
rewritten. The descriptions of the pathology in these works have been 
based on cases of coronaiy sclerosis in winch the patients have been hos- 
pitalized and in which secondary changes, including infarction with 
associated inflammatory reactions, have tended to obscure the picture. 
The material for this investigation has come from early lesions or from 
patients who have literally ‘ ‘ dropped dead. ’ ’ This has permitted of the 
study of the primary process uncomplicated by secondary reactions. 

These studies demonstrate that the standard lesion in coronary 
sclerosis is atherosclerosis; that the lesions arise from the entrance of 
lipoids ihto the subcndothelial layer of the intima and their phagocytosis 
by cells referred to herein as lipoid cells. In the young the presence of 
these lipoid cells stimulates growth of fibrous tissue. As a result, the 
standard picture in coronary disease in the young is fibrosis, narrowing 
the lumen of the arteiy. Deatli is usually due to thrombosis. In the old 
the presence of lipoid ceils does not stimulate fibrosis. The cells ac- 
cumulate in large masses, the nutrition of which becomes inadequate. 
Necrosis and autolysis result in liquefaction of the cell masses, and 
atheromatous “abscesses” result. Death is usually due to the rupture 
of an atheromatous ‘ ‘ abscess ’ into the lumen. 

It is possible to reproduce the lesions of coronary sclerosis in experi- 
mental. animals by feeding the lipoid, cholesterol, wliich makes up most 
of the lipoid contents of atherosclerotic lesions.^ The lesions, natural 
and experimental, are primarily intimal and lipoid. Lesions of the 
elastiea and media are secondary. Inflammatory reactions are late 
phenomena following necrosis and are not an essential part of the pic- 
ture. 

Atherosclerosis is a disease due to disturbances in the cholesterol 
metabolism and belongs rvith the other metabolic diseases, diabetes 
(carbohydrates), gout (imrines), and obesity (fats). 
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CORONARY SPASM AS A POSSIBLE FACTOR IN PROETJCING 

SUDDEN DEATIP^ 


Timothy Leary, i\I.D. 

Boston, Mass. 

INTRODUCTION 

IN MEDICAL observations it is not always iiossible to get. direct evi- 
-fi- denee for the solution of a jiroblcin. We then have to proceed by 
inference. ’ 

Though many theories have been advanced to account for the pain in 
angina pectoris, the medical world in general has come to accept 
Mackenzie’s thesis that the pain is of cardiac muscle origin, and is due to 
an inadequate supply of blood, leading to muscular exhaustion. The 
pain may be produced by overwork even when the blood supply is nor- 
mal. It usually comes on during stress conditions, but also may come 
on hours after the elfort which led to a muscle strain ap])roaching ex- 
haustion. In any case it depends upon the blood supply to tbc organ. 
A normal supply may be inadequate under conditions of great stress. A 
diminished supply may be inadequate under conditions of minor stress. 
The degree of pain which the individual suffers will depend upon the 
degree of inadequacy of the blood supply under the conditions obtain- 
ing, and upon the sensibility of his nervous system. 

Attacks of what IMackenzie calls secondary angina pectoris may arise 
in individuals with a widespread hypersensitiveness of the nervous 
system. The attacks of angina in this group subside following removal 
of the cause of the nervous hyperscnsitivencss. As IMaekenzie indicates, 
the primary cause is not cardiac, therefore the angina is secondary in 
character. This concept almost requires the deduction that under hyper- 
sensitive reflex excitability the blood supply to the heart muscle, in order 
to produce the pain, becomes inadequate during the attacks. The only 
reasonable manner of causing this inadequacy is by contraction of the 
coronary arteries under nervous control, thus limiting the blood supply. 
That tbe blood supply is adequate between tbe attacks is CAddence that 
the quality of the blood is not the important factor, and that the heart 
muscle is not in a permanently exhausted state. The disappearance of 
all symptoms following cure of the local condition, in some other part 
of the body, which was responsible for the widespread hypersensitive- 
of the nervous system, can be accepted as fairly good evidence that 

June^l2 ^^34^ Tenth Scientific Session of the American Heart Association, Cleveland, 
♦Prom the Medical Examiner Service, Suffolk County, Mass. 
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the cardiac circulation Avas unimpaired following the period of anginal 
attacks. All of this points to coronary artery spasm as the source of 

the attacks. 

THE CONDITION OF THE jMEDIA IN CORONARY ATHEROSCLEROSIS 

Atherosclerosis of the coronary arteries is a primary iiitimal process 
in which the media may remain almost intact even in moderately ad- 
A’^aneed cases. InA’’asion of the media by lipoids or lipoid cells or by 
extension of the fibrous tissue from the intimal lesion is a secondary 
phenomenon. The media may indeed sIioav general or focal hypertrophy. 
Atrophy, apart from that arising from extension of the intimal lesion, is 
not general or striking, except as a. late phenomenon. The possibility 



Fig. 1. Fig. 2. 


Pig. L— -Coronary artery. H. AA'. T., male, txs'enty-six years oUl. Lumen with throm- 
bus. Fibrinous subendothelial necrosis arising below lumen and extending to the 
endothelium on the left. 


Pig. 2.-- Coronary artery wiDi thrombus. J. J. K., male. 
Note angulation of lumen and hypertrophy of media. 


thirty-seven years 


old. 


that mnsenlar spasm may exert a compressing force on the intimal lesion 
is tliercfore existent in most coronary A'essels, excepting perhaps in ad- 
vanced old lesions in Avhich tubeliko deposits of lime salts have made the 
AA'alls rigid. 

That spasm may be a factor leading to the fatal issue is suggested by; 

I. MORPHOLOGICAL EAUDEXCE 

a. Coronary Thrombosis. In about 75 per cent of the cases shoAving 
fibrosis Avith iiarroAving of tlie coronary lumen, occurring in the young 
there is found an acute type of fibrinous or fibrinoid necrosis appearing 
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in the subendothelial connective tissue and extending to the endothelium 
(Fig. 1). Tliis type of necrosis, arising near the lumen, and therefore in 
well-nourished tissue, is in contrast to the slower nutritional type of 
necrosis arising in those portions of the intimal fibrous tissue most re- 
mote from the lumen, i.e., near the media. 

The constant natural traumatisms to which the endothelium lining 
vessels in the hands, feet, buttocks, and back must be subjected without 
harmful result indicate a high resistance of this tissue to violence. The 
indignities to which this layer may be subjected without damage in con- 
nection with certain operative procedures in which tissues arc tem- 
porarily clamped tend also to establish the hardiness of this layer. On 
the other hand, the foreign fibrous tis.sue wliich is formed in the sub- 



Flg:. 3. Fig-. -1. 


Fig. 3. — Coronai-j' artery. J. K., male, sixty-six years old. Atlieromatous "ab- 
cesses” on either side of lumen. Atlieromatous material in lower part of lumen. 
Thrombus with atlieromatous material above. 

Fig. 4. — Coronary artery. H. P., male, sixty-six years old. Rupture of atherom- 
atous “abscess” below into narrowed lumen above. Note wide tearing of tissues. 


endothelial layer of the intima in atherosclerosis is less well nourished 
and might well be injured by spasm of the media, while the endotlielium 
lining the vessel is unharmed. Even though the endothelium is damaged, 
it is still able to function until some more efficient destructive agency 
comes into action. Extension of necrosis from the subendothelial tissues 
to the endothelium may supply this more efficient agency. Endothelial 
necrosis leads to thrombosis. 

The angulation of the lumen found not rarely in the coronary arteries 
of young persons with fibrotic intimal thickening suggests an increased 
muscle tonus, notably when the media is hypertrophied. This picture 
depends in part upon connective tissue rigidity and redundancy when 
the vessel is contracted, but the contracting force is the muscle (Fig. 2). 
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b. Coronary Olstrnction hy Rupture of Atheromatous “Abscess” Con- 
tents. Rupture of an atheromatous cavity into the lumen or the rare 
reverse process, rupture from the lumen into the cavity , is the standard 
terminal lesion in older persons. It is possible that thinning of the mem- 
branous partition, which comes to be the only barrier between the cavity 
and the lumen, may lead by its own weakness to rupture, placed as it is 
in a muscular vessel. If this were true in general, the lesion should be 
marked by the filling of the cavity with blood, during systole, washing 
out the contents. Ordinarily the cavity is found more or less empty, in- 
dicating delivery of its contents by positive pressure. That rupture is 
not an artefact produced by the handling of the vessel post mortem is 



Fig. 5. — Coronary arterj'. G. H.. male, thirty-eight years old. Note hypertrophy of 
media. The pale foci extending into media below were occupied by lipoid. Section 
from point of greatest narrowing. 


evidenced by the diffusion of atheromatous material through thrombi. 
Atlieromatous material is not readily mixed with blood, notably clotted 
blood (Fig. 3). 

The character of the tear in the limiting membrane and the endothelial 
lining of the vessel tends in many cases to negative the hypothesis of 
more or less passive rupture. , Oftentimes the rupture is associated with 
splitting of tlie separating las'-er, not a mere tearing through. It is true 
that in some cases necrosis at the site of rupture has preceded the breach 
in the ^yall, but this is exceptional. Compre.ssion of the cavity contents 
and their forceful delivery through the rent in the wall best account for 
the appearances found (Pig. 4). 

e. Coronary Insufficicncy~v.ath spasm? The following case is tjmical 
of a condition which suggests the possible influence of spasm. 
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G. H., an Armenian, tliirty-eiglit years of age, 5 feet G ^/2 inches in lieight, body 
weight 156 pounds but with very fat abdomen, had always been in good health. 
His wife stated that he had never consulted a doctor, and had not suffered from in- 
digestion. On the day of liis death he accompanied his son, twelve years old, to a 
conservatory of music. The boy had been taking lessons on the violin, and the father 
was for the first time to be present during his son’s lesson. Purthermore the teacher 
M'ould play a duet with the boy. The father was much stirred emotionally in ex- 
pectation of an experience to which he had looked forward. He collapsed in the of- 
fice of the conservatory, was brought to a hospital, and pronounced dead on ar- 
rival. The indications were that death liad occurred almost immediatelj' after his 
collapse. The heart weighed 350 grams, with some left ventricular liypertrophy. The 
valves and cavities were normal. There were yellow opaque patches in the aortic 
arch about the ring, with slight narrowing of the orifice of the left ocoronary 
artery. The walls of the coronary arteries were thickened, for the most part mod- 
erately. Gross section of the left coronary . disclosed longitudinal ridges in the 
inner layer, suggesting wrinkling of the thickened intima. There was no thrombosis. 
Microscopical examination of the left coronarj' artery revealed fibrosis of the inner 
layer of the thickened intima, abundant lipoid cells more deeply placed and focal 
lipoidosis of the media. The lipoid in these medial deposits merely mechanically 
separated the muscle fibers, Avithout evidence of any reaction. The media Avas 
definitely hypertrophied (Fig. 5). 

The narrowing of the lumen of the vessels by the atherosclerotic in- 
timal lesions was not adequate, of and by itself, to account for the death. 
The peculiar longitudinal folding of the thickened intima suggested an 
increased tonus of the hypertrophied muscle layer consistent with a con- 
cept that coronary spasm had been a factor in producing the sudden 
death. 

11. ANGINA!. ATTACKS FOLLOWED BY SUDDEN DEATH 

a. With Normal Coronary Arteries. 

V. I., a Lithuanian, tAA’enty-tliree years of age, Avas an agent in a gambling numbei 
game. His father had dropped dead Avhen forty-fum years old. The son liad iiad 
attacks of chest pain lasting several minutes during Avhich lie “could not lift’’ his 
left arm. The last attack occurred one month prior to his death. March 8, 1934, 
he had been drinking, came in to meet his employers, and Avas excoriated verbally 
and told to go home. He entered a bus, collapsed in the bus, could not be roused, 
and was removed in an emergency ambulance to a hospital where he Avas pronounced 
dead. Post-mortem examination revealed a heart Aveighing 340 grams, Avith slight 
left ventricular hypertrophy. The vaHes and caAuties Avere normal. The coronarj’ 
arteries were grossly normal throughout. The arch of the aorta Avas thin Avith a few 
pinhead yellow opaque foci. The aorta Avas thin, smooth, and elastic, AA-ith delicate 
yellow streaks along the line of intercostal orifices and about the orifices of ab- 
dominal branches. The pia-arachnoid was moderately injected and contained a 
moderate amount of clear serous fluid. The stomach contents, 400 c.c. of a yelloAV 
paste, had a strong odor of beer. 

Microscopically the coronary arteries were lined bj' a “buffer’’ layer of un- 
striped muscle and fibrous connectiAm tissue (Fig. 6), perhaps someAA'hat thicker 
than normal (Pig. 7). There Avas no evidence of atherosclerosis at any point. 

No adequate cause of death was found at post-inoi-tem examination 
in this case. The degree of alcoholism Avas not great enough to kill, and 
Avas particularly not adequate to kill suddenly. Chemical examination of 
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tlie stomach contents revealed no evidence of a poisonous agent. The 
history of a father Avho dinpped dead, the personal history of attacks 
which were anginal in character, and the suddenness of the death fol- 
lowing a scolding with threats of discharge, suggest that coronary 
spasm may well have been the cause of the attacks, and that the terminal 
one led to the death. 

h. With Minute Atherosclerotic Lesions. 

B. E. L., male, forty years of age, single. This man was an overseas veteran 
who had suffered attacks of angina over a period of years. He claimed that these 
were a sequence of his war exposure. The Veterans Bureau discredited his claims 
on the ground that he was a malingerer. He had had an attack of distress in the 
chest two weeks before his death. He did not sleep well on the night before his 
death because of discomfort in his chest and did not go to work in the morning. 
He went out at 9 A.Jr., returned in twenty minutes. At 11 A.M he again had acute 



Fig. 0. Pig. 7. 


Fig. G. — Coronai'y artery. V. 1., male, twenty-three years old. Somewhat thick- 
ened ‘ ‘buffer" layer lining vessel. Hypertrophy of media. 

Fig. 7. — Coronary artery. M. R., male, fourteen j-ears old. Normal coronai’y with 
"buffer” layer, somewhat tliicker than average but within normal limits — for com- 
parison with Fig. G. 

pain in the upper chest. A physician was called, who found him undergoing an 
attack of angina. He had drunk some peppermint, and was given % gr. morphine in 
tablet form. Shortlj' afterward lie was heard breathing heavily, had vomited and 
died suddenly at 1:30 p.m. Post-mortem examination disclosed a heart of normal 
size, the valves and cavities of which were normal. Tlie muscle was homogeneous. 
The aorta Avas thin, smooth, and elastic. In tlie coronary arteries Avere found 
rare minute yellow foci, but the lumina were free, though vessels Avere of small 
caliber. The other organs were normal save for mild edema of the brain. 

Death in this case demonstrated that the man was not a malingerer. 
A malingerer may appear to put one foot in the grave, hut is careful 
to remove it before dangerous eoilsequences arise. Again, in this ease 
no adequate cause of deatli Avas found. Tlie anginal attack seen by the 
physicmn preceding the death was of typical character and the* pre- 
sumption is that tlie previous attacks in wliicli he ivas unattended 
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medically were similar. The amount of atherosclerosis of the coronary 
arteries was so slight that it might have been overlooked except for 
a thorougli search. 

COMMENT 

The clinical and pathological material here presented can be, of course, 
only suggestive as to the possible role of coronaiy spasm in leading to 
attacks of angina or in producing sudden death. Frequently one sees 
cases of sudden death, particularly in hypertensive heart disease, in 
which post-mortem examination discloses coronary sclerosis without 
thrombosis, and with lumina of the coronarj’- arteries large enough ap- 
parently to supply the needs of the heart muscle. The acute anginal 
attack or the death has occurred under physical or psychic stress, or 
accompanying indigestion or exposure to eold, or following these experi- 
ences. In many eases death occurs during the night while the patient is 
asleep. Asphyxiation by position while lying on the face or with the 
head buried in a pillow is met with almost wholly in epileptic or 
alcoholic persons. Other human beings who lie in dangerous positions 
escape asphyxiation by being wakened, the awakening usually com- 
ing following a nightmare. After sueli an awakening the individual 
comes to with a feeling of relief, as though he had been through a 
stressful experience. It is my belief that coronary deaths during sleep 
may be associated with the stresses which accompany nightmares. 

One can understand how an acute need for blood under stress in 
hearts with rigid narrowed coronary lumina, due to calcification, could 
lead to anoxemia of the heart muscle and a resulting fatal issue. When 
the lumen is adequate and unobstructed in a still elastic vessel, the 
possibility that narrowing of the lumen by spasm under stress is respon- 
sible for the anoxemia presents the most reasonable explanation of the 
phenomena observed. 
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IlSrS^ERSION OF THE T-WAVB IN LEAD I OR II OP THE 
ELECTROCARDIOGRAM IN YOUNG INDIVIDUALS WITH 
NEUROCIRCULATORY ASTHENIA, WITH THYROTOXICOSIS, 
IN RELATION TO CERTAIN INFECTIONS, AND FOLLOWING 
PAROXYSMAL VENTRICULAR TACHYCARDIA’^ 

Ashton Graybiel, M.D., and Paul D. White, M.D. 

Boston, Mass. 

INTRODUCTION 

I N THE course of routine electrocai-diography our attention lias been 
drawn occasionally to inversion of T in Leads I or II of the electro- 
cardiogram in individuals ivlio have shown no clear evidence other- 
wise of heart disease. Because inversion of T has been closely asso- 
ciated, and correctly, with serious myocardial disease, any exceptions 
deserve attention. Some of these exceptions are well known; some 
others, less commonly recognized, are herewith reviewed together vrith 
observations on neurocirculatoiy asthenia, a sjuidrome in which signi- 
ficant inversion of T has not been reported heretofore. 


SELECTION OF CASES 


Criteria designed rigidly to exclude patients in whom there existed 
some known causes for an inverted T, other than those under con- 
sideration, governed the choice of eases. Only patients in the younger 
age group were included. The history, physical examination, roent- 
genological and laboratoiy data were used to avoid instances of or- 
ganic heart disease which are well known to cause inversion of T, 
namely, such aifeetions as coronary disease, acute rheumatic infection, 
and acute or chronic pericarditis, and the inverted T associated with 
marked ventricular hypertrophy or intraventricular block. None of 
these patients was taking drugs of the digitalis series ; none was suf- 
fering from myxedema, chronic nephritis, or drug intoxication. Each 
patient was reexamined at least once, and most were examined re- 
peatedly over a period of months or years. 

For greater convenience the patients in this series have been ap- 
propriately grouped, and each gi-oup will be considered separately. 
The case histories appended make an extensive discussion of the 
sj-mptomatology unnecessary. t 


•From the Cardiac Clinic and Laboratory of tlie Massachusetts General Hospital 
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NEUROCIRCULATOR.Y ASTHENIA 

Tliis group comprises 7 patients, 3 males and 4 females, -with an 
average age of twenty-four and one-half years. In not a single case 
was organic disease of any desci’iption found on repeated examination. 
In one patient an additional diagnosis was made of probable paroxys- 
mal tachycardia; there was a. history of a single attack lasting for 
five minutes five months before our examination. In one other patient 
an additional diagnosis was made of an anomalous electrocardiogi’am, 
consisting of a short P-R interval and wide QRS wave as reported 
by Wolff, Pai’kinson and White^ in noi-mal young persons. 

The chief subjective symptoms Avere similar in each patient and 
were induced by abnormally small effort. Of the 7 in this group, all 
complained of palpitation, 6 Avere easily fatigued, 5 complained of 
dyspnea, and 5 suffered pain or ache in the region of the heart. All 
but tAvo complained of “nervou.sne.ss''' ; dizziness, faintness, and ex- 
cesshm SAveating Avere less common complaints. 

The heart size, measured from orthodiagram or teleroentgenogram, 
Avas not abnormal in a single instance. Ileart rates were uniformly 
rapid and averaged 112 (limits 95 and 130) in the initial electro- 
cardiograms. In 4 patients no murmurs Avere heard ; in 3 an incon- 
sequential systolic murmur Avas detected. The blood pressures of all 
Avere normal, as Avere the Wassermann and basal metabolic rate de- 
terminations Aidien these tests Avere carried out. Other routine or 
special laboratory tests revealed nothing abnormal. As all the patients 
Avere reexamined at a later date, the possibility of overlooking incipient 
disease Avas iDractically eliminated. 

At the time of the initial examination the electrocardiogram in 
each instance shoAved an upright T in Lead I and an inverted T in 
Leads II and III. No other important electrocardiographic abnor- 
malities Avere found. 

At the, time of the last examination' one patient Avas entirely Avell; 
five shoAved improvement of greater or lesser degree; Avhile one re- 
mained unchanged. None had developed organic disease of any sys- 
tem; the clinical heart findings Avere not significantlj' altered excejit 
for the sloAver heart rates. Pinal electrocardiograms shoAved an up- 
right T in Leads I and II and iiiAmrted T in Lead III in each instance. 
This change to upright T in Lead II Avas not associated AAuth sig- 
nificant changes in the P or QRS AvaA’es. The heart rates, measured 
from the electrocardiograms, A'aried from 75 to 100, and the aAmrage 
Avas noAv 88. 

Comment . — We haAm no good explanation for the significant immr- 
sion of T in the electrocardiograms of these patients. It hardly seems 
likely that the unknoAvn mechanism behind neurocirculatoiy asthenia 
alone is responsible because this association is rare. There Avas neither 
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Tan, 20 , 1^)20 23, 



PiS- 1- — Electrocardiograms from Case 1 (boy aged fourteen rears; neurocirculatory 
asthenia). JanuaiT 20, 1!)30: showing inversion of T in Leads II and III. May 23 
lOp: T in Lead II now upright but rather low. August 2(i, 1932, and Januaiy- 9’ 
1934; T in Lead II normal. ’ 
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recognizable inadequacy of tbe coronary circulation nor any other 
factor known to cause inversion of T. 

Although a very occasional finding, inversion of the T in neui’oeir- 
culatory asthenia retains importance because of the serious diagnostic 
eiTor to which it may lead. A number of similar cases, in which there 
was strong evidence that important organic disease did not exist, we 
have not included because of their greater age or because of their 
failure to return for reexamination. 





Feb rfiar. >S3o 

Pig-. 2. — Electrocardiograms from Case 8 (girl aged twenty years; thyrotoxicosis). 
PebruaiT 19. 1929, before thyroidectomy; showing inversion of T in Leads II and III. 
March 1. 1930, after thyroidectomy; showing upright T in Lead II and isoelectric T in 
Lead III. 

THYROTOXICOSIS 

This group comprises 4 patients, 1 male and 3 females, with an 
average age of twenty-four and one-half years. Each presented signs 
and symptoms characteristic of uncomplicated thyrotoxicosis. The 
heart was veiy slightly enlarged in two, and in one the systolic blood 
pressure was abnormally high — 164 mm. mercury systolic and 50 mm. 
diastolic. Following subtotal thyroidectomy the heart size and blood 
pressure in these instances returned to normal. No other diagnosis was 
made in the case of any of these patients while under our care. 

The initial electrocardiograms were taken shortly after entry into 
the hospital and before the administration of iodine, at which time 
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tlie average basal metabolic rate was plus 44. lu three instances T 
was upright in Lead I, and inverted in Leads II and III. In one 
instance T was isoelectric in Lead I, and inverted in Leads II and III. 
The average heart rate, measured from the electrocardiograms, was 
140. There were no other significant eleetroeardiographie abnormalities. 

Following subtotal thyroidectomy each patient experienced relief 
from the distressing s 3 ’'mptoms, and the basal metabolic rates returned 
to normal. Reexamination later revealed nothing abnormal, and the 
electrocardiograms showed upright T in Leads I and II in each instance. 

Conmenf.—It is not generally agreed that T varies in form or di- 
rection in thyrotoxicosis. Hoffman^ and others since have described 
the association of a high T-wave with this condition ; whereas Lewis® 
could find no definite alteration in the shape of the ventricular com- 
plex. White and Aub^ found only veiy limited parallelism between 
the basal metabolism and the amplitude of T in 27 patients with 
thjTotoxicosis. Willius® and his coworkers reported inversion of T 
in 5 instances of thyrotoxicosis but believed coronary disease respon- 
sible. More recently, Pardee® has written that “curves resembling 
the coronary T-wave may be seen [in hyperthyroidism]. When the 
toxicity passes off, the T-wave of these patients will return to normal.'’ 

In the eases we present, the evidence is presumptive that the thyro- 
toxicosis was responsible for the inverted T. Whether or not there 
was in these patients some degree of relative coronary insufficiency, 
not however causing angina pectoris but dependent on the thyrotoxi- 
cosis, we have no way of knowing. It is true that infrequently rela- 
tively young patients with thyrotoxicosis suffer from angina pectoris 
which disappears when the basal metabolic rate returns to normal. 

INPECTION ■ , 

This group comprises 5 patients, 1 male and 4 females, with an average 
age of twenty-five years. Each suffered from some infection (not rheu- 
matic or diphtheritic) either shortly before or at the time of the initial ex- 
amination. None had any cardiac complaint, and at no time was there 
clinical evidence of organic heart disease. No abnormality in size or 
shape of the heart was found. In two, slight inconsequential systolic 
murmurs were heard. The blood pressures of all were normal. In 
3 of the 5 patients the initial electrocardiogram showing an inverted 
T was taken during the illness, while in the remaining two it was 
taken six weeks and four months, respectively, after the infection 
T in Lead I was upright in all instances, T in Lead II was inverted 
in three and diphasic in two, and T in Lead IH ivas inverted or 
diphasic in all. The average heart rate, measured from the electro- 
cardiograms, was 115. There were no other significant electrocardio- 
graphic abnormalities. One patient died on the day the electroeardio- 
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o-ram was taken; tlie heart was judged normal at necropsy. Three 
of the remaining four became well; and electrocardiograms, taken 
two, two and one-half, and twelve months, respectively, after the in- 
fection, showed normal T-waves in Leads I and II and inverted 
T-waA’es in Lead III. The remaining jDatient (Case 12) at the time of x’e- 
examination had a mild reeimdescenee of her chronic bronchopulmonaiy 
infection, and the electrocardiogram showed sinns arrhythmia, rate 
110, upright T in Lead I, slightly upright T in Lead II and inverted 
T in Lead III. Some details concerning the return from an inverted 
to an upright T can be gained from the ease summaries. 
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Fig. 3. — Electrocardiograms from Case 12 (woman aged twenty-seven years: chronic 
bronchopulmonary suppuration). June 7, 1933, during acute phase: showing Inversion 
of T in Leads II and III. October IS, 1933, during mild recrudescence : showing slightly 
upright T in Lead II and inverted T in Lead III. 


Comment . — Since the time of Kraus and Nicolai’’ (1910) it has been 
luiown that the T-wave may be depi’essed by the action of heart 
poisons. The first observations illustrating the effect of infections in 
depressing the T-wave of the electrocardiogram of human beings were 
made by Smith,® who published records .showing inversion of T in 
Leads I and II following diphtheria. Later Cohn and Swift® showed 
that inversion of T may occur in acute rheumatic fever. More re- 
cently inversion of T has been shown to occur in relation to various 
infections. This relationship of the heart to infections is sometimes 
declared by certain clinical signs or symptoms, but at other times the 
chief or sole discoverable sign is furnished by the electrocardiogram. 



GRAYBIEL AKD WHITE: 


INVERSION OF T-WAVE IN 


LEAD I OR II 351 



Nov. 2.1 , J‘12'? 22 



Fig. L— Electrocarcliogram.s from Case 17 (man agre<J thirty-three years: paroxysmal 
vaotrlcular Lich.vcardia). November 21. 1028, showing the abnormal rtivthm Nn.S^ 

rhythm With inversion- ofV in S^II aWn.’ SiSV* 
0, 1920; T in Lead II is now upright and in Lead III Isoelectric, January 
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PAROXYSMAL ^’UNTRIOULAR TACHYCARDIA 

This group comprises two young men in robust health. In both, the 
only evidence of cardiac disability ivas furnished by a single paroxysm 
of ventricular tachycardia lasting less than twenty-four hours. The 
onset of the paroxysm was not provoked by any unusual incident in 
either case ; the offset occurred spontaneously in one and after 9 grains 
of quinidine sulphate in the other. In one the first electrocardiogram 
taken after the paroxysm showed normal rhythm at a rate of 52, in- 
version of T in Lead I, high T in Leads 11 and III, short P-R interval 
with widened QRS complexes,^ and right axis deviation. In the other, 
the first electrocardiogram taken after the paroxysm showed normal 
rhythm at a rate of 80, upright T in Lead I and inveiTed T in Leads 
II and III. Both individuals were examined repeatedly over a period 
of two months and two years, respectively, and no physical abnormal- 
ity was detected. Later electrocardiograms taken at intervals showed 
a gradual return of the abnormally inverted T-waves to the upright 
form. 

Comment . — ^We believe the paroxysms of ventricular tachycardia 
to be in some way responsible for the temporary inversion of the 
T-waves. However, on looking over the tracings of all our other 
cases showing paroxysmal ventricular tachycardia or paroxysmal 
auricular tachycardia, flutter, or fibrillation, we were unable to And 
further examples. 

MISCELLANEOUS 

This group comprises five patients with an average age of twenty- 
six years. One had no disease of any nature; the diagnosis in the 
remainder was either complicated or not made. The case summaries 
may be referred to for details. The initial electrocardiograms all 
showed inversion of T in Leads II and III and an average heart rate 
of 119. At the time of our last examination the electrocardiogram 
in each case showed upright T in Leads I and H, and an average 
heart rate of 102. 

Comment . — Each patient in this group presented a problem in diag- 
nosis. With two exceptions, in whom infection (in one of them diph- 
theria one year before) may have played a role, an explanation for the 
inverted T-waves is not to be found in medical writings. It is thus evi- 
dent that on rare occasions one finds inversion of T in Leads I and II 
without apparent cause. 


FURTHER DISCUSSION 

The T-wave is much less stable than the other electrocardiographic 
deflections. Although its mechanism is obscure, we are familiar with 
certain secondary factors that may change its form and direction. 
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Cliief among tliese are alterations of coronary circulation, disturbances 
of nervous origin, the action of toxins or drugs, and change in position 
of the heart. 

We are not unmindful that one sometimes finds extensive coronary- 
sclerosis at post-mortem examination in young individuals who may 
or may not have had symptoms of coronary origin. However, in the 
eases herewith presented we were unable to determine that the eoio- 
nary circulation was inadequate either as the result of the particulai 
condition diagnosed or independent of it. We are not even justified 
in assuming a relative coronary insufficiency with the heart working 
under unfavorable conditions. 

Human and animal observations agree in showing that T may alter 
through nerve stimulation or depression. The accelerated heart rate 
recorded in many eases in this series was not always adequately ex- 
plained, and it is interesting that sometimes the change from inverted 
to upright T was associated with a fall in rate. 

With the possible exception of those cases in which infection was 
present there was no evidence of toxic injury to the myocardium. 
Likewise there was no evidence of drug intoxication, or that change 
in position of the heart had occurred. 

Thus we have found that inversion of T in Leads I or II is by no 
means invariablj'" allied with causes commonly held to produce such 
inversion. We have selected instances in which neurocirculatory 
asthenia, thyrotoxicosis, infection, or paroxysmal ventricular tachy- 
cardia was the only associated finding. This association is presented 
without concluding that the above disorders are even secondarily 
responsible for T inversion. Of chief importance is the correct in- 
terpretation of the electrocardiographic findings which must still be 
done by correlation with the patient's history and physical examina- 
tion. To emphasize the correctness of our interpretation we have in- 
cluded only patients in a young age group and those whom we have 
observed over a considerable period of time. It is not unreasonable 
to assume that some such patients are now wrongly thought to have 
serious organic heart disease. Manj'- otheiB in whom there was strong 
presumptive evidence that significant heart disease did not exist were 
not included in this series because of their greater age or their failure 
to retuni for reexamination. 

The T-wave in Lead III was more inverted than the T-wave in Lead 
H in each instance recorded above, and remained invei’ted in most in- 
stances (16 out of 23) after the T-wave in Lead H had ceased to he 
inverted. It is well recognized by those dealing with routine electro- 
cardiography that the inversion of T in Lead III is frequently found 
in normal individuals. 
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summary 

1. We have presented 23 cases in which significant inversion of the. 
T-wave of the electrocardiogram was not associated Avith the usual 
known causes for such inversion. 

2. The reason for T inversion in these cases is unknown. 

3. The importance of this finding is that it points to the need of 
caution in the diagnosis of serious heart disease Avhen iiiA^ersion of 
the T-wave in Lead II of the electrocardiogram is the only abnormal 
finding. 
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ARTERIOLAR LESIONS OP SKELETAL MUSCLE IN 

HYPERTENSION*' 

R. W. Scott, M.D., Daato P. Seecop, M.D., and Albert A. Hill, M.T). 

Clbi^eland, Ohio 

I T IS noir well established that individuals dead of so-called essential 
hypertension usually show a moi'e or less severe involvement of the 
smaller renal arteries — ^the arterioles. Similar lesions of the arterioles 
are often found in other organs, i.e., liver, spleen, pancreas, adrenals, 
intestines, nei’vous system, an,d retina, but opinions differ as to the 
occurrence of such lesions in somatic muscle. Most observers in the 
past, notabty Jores, Pahr and, in this country. Bell and Pishberg, have 
reported that the voluntary muscles in hypertensive disease rarely 
show arteriolar lesions. Recently, however, Keith and his associates, 
using as their criterion the quantitative relationshii) between the thick- 
ness of the vessel Avail and the diameter of the lumen, reported 
arteriolar lesions in voluntary muscle in certain types of hypertension. 

In this Avork Ave have rated arterioles not according to deAuation 
from Keith's normal ratio but according to the examiner's concept of 
Avhat constituted a diseased vessel. All ratings Avere made by one of 
us (D.P.S.), and our criteria, so far as they can be expressed in units, 
are (1) thickening of the A^essel Avail, (2) hyalinization of vessel AAmll, 
(3) other pathological changes such as fatty, fibrous and necrotizing 
lesions, (4) size of lumen. A standard hematoxylin and eosin stain 
folloAAung formalin fixation Avas used throughout. In this AVork care 
Avas taken to rate only the smallest v’^essels. A case Avas rated accord- 
ing to the severest lesion observed, regardless of variation in the same 
section or in sections from diffei'ent voluntary muscles in the same 
section. Our ratings Avere from one to four plus. We believe that 
a vessel rating three to four plus by our criteria Avould be regarded 
by most pathologists as a seriously diseased arteriole. 

Sections of skeletal muscle Avere taken from 426 cases and the 
arterioles Avere rated objectively, Avith no knoAidedge on the part of 
the observer of the clinical diagnosis in the case. The patients varied 
in age from the first day of life to the ninth decade. Time Avill not 
permit a detailed discussion of this material, but one intere.sting fact 
appear s established, namely that in 68 per cent of a series of 386 

MedicaJ Clinic of AVe.stem Re.serve University at Cleveland City Hos- 
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autopsies there was a definite relation between the state of the arte- 
rioles in the kidney and those in the skeletal muscle. 

Included in the above material was a series of cases of diffuse 
vascular disease with hj'^pertension, carefully studied clinically. We 
include foi? discussion here only those patients dying under the age 
of forty-six years. This arbitrary age limit was set in order to elimi- 
nate the possible role of an age factor in arteriolar disease. The per- 
tinent data in this series are shown in Tables I and II. 

Table I 


Aeterioles in Skeletal Muscles and Kidney in 24 Adtopsied Cases of 
HypertensioNj Patients Under Forty-Six Years op Age 


NAME 

AGE 

SEX 

RACE 

MEAN BLOOD 

PRESSURE 

ARTERIOLES 

CAUSE OP 
DEATH 

HEART 

WEIGHT 

GRAMS 

SYSTOLIC 

DIASTOLIC 



C. G. 

30 

F 

Black 

220 

140 

3-4+ 

4+ 

Uremia 

425 


33 

F 

Black 

240 

150 

3-4+ 

3-4+* 

Uremia 

400 

F. J. 

33 

F 

Black 

170 

120 

2-3+ 

2-3+ 

Cardiac 

400 

M. T. 

35 

F 

Black 

240 

110 

1+ 

3-4+* 

Uremia 

575 

L. B. 

35 

F 

Black 

260 

160 

3-4+ 

4+* 

Uremia 

475 

M. M. 

38 

F 

Black 

215 

140 

2+ 

3-4+* 

Uremia 

. 375 

M. C. 

39 

F 

Black 

225 

125 

4+ 

3-4+ 

Cerebral 

425 









hemorrhage 


B.M. 

40 

F 

Black 

250 

180 

3-4+ 

3-4+ 

Pneumonia 

375 

M. G. 

40 

F 

Black 

230 

125 

2-f* 

2-3+ 

Cardiac 

700 


41 

F 

Black 

210 

125 

3+ 

4+* 

Uremia 

625 

E.E. 

27 

M 

Black 

190 

130 

4+ 

3-4+* 

Uremia 

650 

L.W. 

37 

M 

Black 

210 

150 


4+* 

Uremia 

t 

C. H. 

37 

M 

Black 

240 

160 

1+ 

3-4+* 

Cardiac 

675 

J. S. 

39 

M 

Black 

220 

140 

2-3+ 

4+* 

Cardiac 

650 

J. L. 

42 

M 

Black 



2-3+ 

2-3+* 

Uremia 

650 

W. J. 

43 

M 

Black 

210 

145 

2+ 

4+* 

Pneumonia 

500 

O.D. 

45 

M 

Black 

240 

150 

3-4+ 

4+* 

Uremia 

570 

H. T. 

32 

F 

"White 

230 

150 

2-3+ 

3-4+ 

Cardiac 

650 

D.B. 

33 

F 

White 

230 

130 

3-4+ 

3-4+ 

Cardiac 

600 

C. N. 

41 

F 

White 

230 

145 

3-4+ 

3-4+* 

Uremia 

425 

J. C. 

44 

F 

White 

220 

120 

3+ 

3+ 

Cerebral 

400 









hemorrhage 


P.H. 

45 

F 

White 

220 

120 

4+ 

4+ 

Uremia 

450 

E. K. 

35 

M 

Wliite 

195 

155 

2-3+ 

4+ 

Cardiac 

500 

E. B. 

37 

M 

Wliite 

220 

130 

2-f 

3+ 

Cerebral 

500 









hemorrhage 



♦Necrotizing arteriolar lesions. 
tHeart not obtained. 


In Table I are the data on 24 necropsied eases in which the arte- 
riolar lesion of skeletal muscle is compared with that of kidney. In 
Table II are data on 25 eases in which wei’e were unable to secure a 
necropsy but in which a biopsy specimen of the pectoralis major mus- 
cle was studied. Of those individuals dying under observation in this 
series the cause of death is indicated. 

Clinical aspects of the two groups may be considered as follows. 
Age: As mentioned above, all patients were under forty-six years of 
age. The youngest was sixteen years. The average age at death was 
36.2 years. Bace: Noteworthy is the preponderance of negroes. In 
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name 1 


SEX ll^CE 


CAUSE OF 

death 


"ira 

G.C. 

B. W. 

I.N. 

N.P- 
A. S. 
M.P- 
M.T. 

e.b. 
C.B. 

B. S. 

L. S. 

b.b. 

E.S. 

E.AI. 

w.w 

s.w. 

c. s. 

J. o. 

E. B. 
J.W. 
M.E. 
T.G. 
B.M. 
M. C. 


Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
Black 
•\Vhite 
"Wkite 
TVliito 
White 
White 



Cardiac 

Cardiac 


Cardiac 

Eremia 

Uremia 

Cardiac 

Uremia 

Cardiac 

Uremia 


B.M. E I AVhite 1 

:n;J— 

1 period oJ elMeal >>'>='="■ ilX ahope 120 mm. of meaeury 
lure was above 200 mm. e tfmt rim bypertensm^ associated with 

srri’S"" “ .... »- «.•■ - '■ 

•tsi, . .... 

parallelism between tbc “y®" shgbt, rated 

!heletal muscle. In m. ^^^“lesion in these instances was 

one to two pins, whereas the hidney 
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severe. In 13 of tlie 24 cases, necrotizing arteriolar lesions were found 
in the kidneys. Twelve, or 50 per cent, of the patients died in uremia. 
This high incidence of uremia is greater than that found in hyperten- 
sive patients of all ages, and is due in our opinion (1) to the large 
percentage of negroes in the group and (2) to the fact that we deal 
only with patients dying under forty-six years of age. In other words, 
the high incidence of death from renal insufficiency here suggests that 
the arteriolar lesion in the kidney in the earlier decades of life and 
particularly in the negro race is more severe or pursues a more ful- 
minating coux’se than in the other vascular regions. 

In the nonautopsied group (Table II) our observations on the arte- 
rioles of skeletal muscle were limited to the biops 3 '- specimen. The 
frequency and severity of arteriolar lesions is apparent, for in onlj’- 3 
cases were the lesions rated txvo plus or less bj’- our criteria. 

Table III 


Arterioles in Skeletal Muscle (Biopsy and Autopsy) and in Kidney in 10 
Cases of Hy'pertension, Patients Under Forty-Four Years 


NAME 

AGE 

SEX 

RACE 

MUSCLE 

KIDNEY 

DEATH 

DUE TO 

biopsy 

autopsy 

C. G. 

30 

F 

Black 

3-4-h 

3-4+ 

4+ 

Uremia 

E.W. 

33 

F 

Black 

3+ 

3-4+ 

3-4+* 

Uremia 

L. B. 

35 

F 

Black 

4-1- 

3-4+ 

4+* 

Uremia 

M. G. 

40 

F 

Black 

3-4+ 

2+ 

2-3+ 

Cardiac 

M.D. 

41 

F 

Black 

3-4+ 

3+ 

4+« 

Uremia 

M. D. 

43 

F 

Black 

44- 

4+ 

t 

Uremia 

E.E. 

27 

M 

Black 

4+ 

4+ 

3-4+* 

Uremia 

J. S. 

39 

M 

Black 

3-4+ 

2-3+ 

4+* 

Cardiac 

W. J. 

43 

M 

Black 

2-3+ 

2+ 

4+* 

Pneumonia 

D. B. 

33 

F 

White 

3+ 

3-4+ 

3+ 

Cardiac 


‘Necrotizing arteriolar lesions, 
t Autopsy restricted to thorax. 


In Table III are data on 10 eases in wliicli both a biopsj^ and an 
autopsy section of skeletal muscle Avere compared. This Avas done in 
order to check the reliability of our technical tnethods and also to 
study the question of Avhether or not the technic emploj’-ed in remoA'- 
ing a section of living muscle could introduce artefacts Avhich might 
be interpreted as a lesion of the Amssel Avail. Our data sIxoav con- 
clusiA'ety that the appeax*axice of the axTexIole in skeletal muscle in a 
biopsj’^ specimexx is praeticalty identical Avith that seen in the autopsj’’ 
specimen of the same case. It is apparent also that in this group the 
seA^erity of the vascular lesion in the kidney agx*eed closely Avith that 
obsex'A'ed in both the biopsy and the autopsj’^ specimen of skeletal 
muscle. 

CONCLUSIONS 

Observations on the foregoing group of cases appear to AAmrrant 
these conclusions: 
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1. Arteriolar lesions in skeletal muscle are demonstrable in a bigb 
percentage of individuals dying- under forty-six years of age of diffuse 
vascular disease with hypertension. 

2. The severity of the muscular lesion in such cases usually parallels 
the severity of the arteriolar lesion of the kidnejE 

3. The arteriolar lesion in a biopsy specimen of voluntary muscle 
agrees closely in severity with that found in a post mortem specimen 
of the same muscle. 

4. Our studies of blood vessels confirm the opinion reached some 
years ago from our clinical observations, that the vascular system of 
the negro is more vulnerable than the Avhite man ’s to the noxious agent 
or agents responsible for the diffuse vascular lesions so often associated 
with chronic hypertension. 



CIRCULATOEY STUDIES ON A CASE OF ARTERIOVENOUS 

ANEURYSIM 

Johnson McGuire, M.D.* 

Cincinnati, Ohio 

T he deleterious influence of arteriovenous fistulas upon the heart 
was first demonstrated by Reid^ in a series of interesting sur\dval 
experiments on animals. Following the production of large arterio- 
venous communications in dogs, cardiac hypertrophy and dilatation and 
the evidence of myocardial insufficiency developed. Tliis investigation 
was prompted by Reid’s clinical experience with patients "with arterio- 
venous aneurysms. In two such cases cardiac hypertrophy and dilata- 
tion had been noted by Osier and Halsted, but no causal relationship 
was considered. 

The present Iniowledge of the pathological physiologj’^ associated with 
such fistulas is in large measure due to Reid,= Holman,^ Lewis and 
Drury but certain of the phenomena associated with this interesting 
condition are still incompletely understood. 

The results of the study of this case added a new observation to the 
published data regarding arteriovenous aneuiysms. In general, our 
findings are in accord vdth the excellent clinical and experimental work 
of Holman, but differ in several respects from the investigations of 
Lewis and Drury. 

CASE REPORT 

The patient, a -white male of twenty-three years, -was shot in the right leg two 
3 'ears before. One bullet penetrated the anterior surface of the right lower leg over 
the tibia, and another entered the medial posterior portion of the right thigh and 
emerged laterallj' and posteriorly to the femur four inches above the knee. There 
was severe hemorrhage above the right knee at the time of the accident, enormous 
swelling of the thigh and shortly afterward the appearance of an ulcer on the 
anterior surface of the tibia where one of the bullets entered the leg. Since then 
the patient had been incapacitated because of pain and swelling of the injured leg. 
There had been some preeordial pain, palpitation, effort dyspnea, and profuse sweat- 
ing of the right leg. 

Wlien the patient was first seen the blood pressure was 130/60 mm. Hg, pulse 84, 
and temperature normal. There was moderate enlargement of the heart, confirmed 
bj' teleroentgenogram, and a soft systolic murmur at the cardiac apex. 

The right leg was markedlj' edematous. There were numerous engorged, "tortuous 
veins over the anterior surface of the right tibia and around the knee, and three 
ulcers in the skin of the lower portion of the right leg (Fig. 1). The right 
popliteal space was unusually full and pulsated -with each heartbeat. The right 
femoral artery as it emerged beneath Poupart’s ligament was markedly enlarged 

‘From the Department of Internal Medicine, University of Cincinnati, and the 
Medical Clinic, Cincinnati General Hospital. 
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in comparison to the left- femoral artery wliieli -was apparently normal in size. T le 
right leg -was s-wollen and wet with perspiration from the knee to the foot, while 
the left leg was dry. A marked systolic thrill was felt over the popliteal space, 
and a continuous roaring murmur with marked systolic intensification was heard 
over this area. Pressure sufficiently strong to obliterate the femoral artery caused 
nn immediate drop in the pulse from 85 to 50* and the blood pressure rose on 
several occasions f?om 110/60 to 130/70 with disappearance of the thrill and murmur. 
It was clear from these facts that the patient had a fistulous communication between 

the popliteal artery and vein. 



Figr. 1. — Popliteal arteriovenous aneurj’-sm ; duration two years. 


As Lewis has stated that tlie sudden fall in the rate of the pulse 
when an arteriovenous aneurysm is occluded is of vagal origin,^ we ad- 
ministered atropine sulphate, gr. % 3 , to paralyze vagus activity. In 
thirty minutes the maximum acceleration of the pulse occurred (rate 
130), and the fistula wns occluded by digital pressure. The pulse rate 
immediately fell to 114. An hour later with the rate 107, occlusion 


a most interesting paper published in the Emanuel Libman Anniversary Volume 
1932. De^an Lewis discusses the historj- of “The Bradycardiac Reaction and the 
Cardiac Chan^ges in Arteriovenous. Aneurysms," and states that the bradycardiac re- 
ai^ion was llrst d^cribed by Nicolodoni in a congenital arteriovenous aneurysm 
.It?* of "Phlebarteriertasie der rechten oberS 

^Atrcmitat, the Arch. f. kiin. Chir. 18 s 252, 1875. Fifteen years later Brasham 
&ml arteo'.®'^'”*' reaction in a traumatic arteriovenous anebrysm involving 
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caused a decrease in pulse rate to 94. The blood pressure which was 
122/80 mm. when the pulse rate was 107, rose 10 mm. in the diastolic 
reading following occlusion, while the systolic pressure was not in- 
fluenced. This rise in diastolic pressure and stability of tlie systolic 
level persisted during the period of atropine influence. 

That the blood pressure falls and the pulse rate increases immediately 
upon the opening of a large- arteriovenous fistula, has been frequently 
demonstrated. Bainbridge*^ has shomi that increased venous return 
to the heart and, consequently, an increase in the pressure in the great 
veins and right auricle cause an acceleration of pulse rate, while Marey ’s 
law states that, other conditions remaining the same when arterial pres- 
sure is raised, the heart is slowed and vice versa, i.e., the pulse rale 
varies im’^ersely as the arterial pressure. 

The Bainbridge reflex is probably responsible for the acceleration 
of rate immediately after an arteriovenous fistula is opened. In all 
likelihood the reflex cardiac acceleration is caused by afferent impulses 
traveling up the vagi from the auricles and reducing the tone of the 
cardio-inhibitory center. The reduction of vagus tone, however, may 
occur from carotid sinus and aortic reflexes. The third possibility is 
the direct stimulation of the eardio-aecelerator mechanism. 

Lewis and Drury^ in summarizing their studies of five patients with 
arteriovenous aneurysm state that “the leak from artery to vein has 
no appreciable effect on general venous pressure,” and “in. those eases 
in which the arteriovenous anastamosis could be cut off at will this pro- 
cedure failed to alter the venous pressure in measurable degree.” 

Our results were not in accord with these conclusions, and the read- 
ings of venous pressure obtained independently by different observers 
and by different methods were practically identical. 


Table I 

A^enous Pressure Determinations 
(Indirect Measurements) 



BEFORE occlusion OF FISTULA 

AFTER OCCLUSION 

Left arm 

57 mm. H„0 

62 mm. H,0 

Eight arm 

62 mm. HjO 

6S mm. HjO 

Right leg (above fistula) 

62 mm. H^O 


Eight leg (below fistula) 

60 mm. H„0 

85 mm. H^O 


VENOUS PRESSURE 



(direct method) 



BEFORE OCCLUSION OF FISTULA 

AFTER OCCLUSION 

Left arm 

60 mm. HjO 

95 mm, HjO - 


The average increase in the venous pressure that followed digital oc- 
clusion of the fistula was 30 mm. of water. 
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From the theoretical standpoint it seems probable that the sudden 
diversion of a large amount of blood from the heart-arteiy-vena-cava 
circulation to the heart-artery -capillary-vein circulation would suddenly 
inei’ease the volume of venous blood in the periphery and necessarily in- 
crease pressure. Harrison® has proved that there is a very marked 
increase in cardiac output in animals with arteriovenous communica- 
tions, and Holman has shonm that the blood volume is greatly aug- 



Fiir. 2. 


mented in the presence of large fistulous communications between ar- 
teries and veins. Thus the gradual dilatation and hypertrophy of the 
heart which occurs in the presence of large arteriovenous fistulas in 
human beings and in animals with large fistulas is explicable. 

Fig. 2 shows the appearance of proximal and distal vessels and the 
arterial aneurysm opposite the fistula and Fig. 3 the successful extirpa- 
tion of the arteriovenous fistula by Dr. Mont R. Reid. Following the 
operation the blood supply to the affected leg and foot improved im- 
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mediately, and in a few hoiu^ the pulsations in the dorsal pedis and 
posterior tibial arteries were readily palpable. Witliin a few day.s 
healing of the chronic leg ulcers began. There was a prompt and 
marked decrease in edema. The size of the heart showed a remarkable 
decrease (Figs. 4 and 5). This reduction in the cardiac diameter was 
probably dependent upon a decrease in the work requirements and in 
total blood volume. An immediate and permanent rise in diastolic pres- 
sure and a subsequent fall in the systolic pressure followed the opera- 



Fig. 3. 


tion and were obviously consequent upon the replacement of normal 
peripheral resistance. The pulse rate returned to normal probably be- 
cause of the abolition of an excessive return of venous blood to the 
heart. Associated with these circulatory readjustments the symptoms 
of myocardial insufficiency disappeared completely. The dilatation of 
the arteiy proximal to the fistula, in our opinion, has not been completely 
explained by Holman ’s hypothesis of compensatory dilatation because of 
increased blood volume flow; as the walls of the artery in our case were 
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thinner than normal, and there was a decided atrophy of the mnscnlar 
elements of the arterial wall. Atrophy in a healthy structure in the 
presence of the necessity for increased work seems a biological paradox. 
Perhaps, as Eeid believes, the lowered diastolic pressure in the proximal 
portion of the vessel decreases the blood supply to the walls of the 
artery, or the combination of the necessity of the vessel to carry a 
larger amount of blood Avithout the requirement of the diastolic pressure 
usually maintained in large arteries may explain the mutation of the 
artery to a Aminlike structure. 



Pie. 4, Fig. 5. 


CONCLUSIONS 

1. The establishment of a large arteriovenous communication betAveen 
the popliteal artery and vein in a healthy young man was accompanied 
by. (a) an increase in systolic and a decrease in diastolic blood pres- 
sure levels; (b) cardiac and aortic dilatation and the symptoms of 
myocardial insufficiency; (c) dilatation and atrophy of the artery prox- 
imal to the arterioAmnous communication, and hypertrophy of the vein 
in the area contiguous to the fistula, an arterial aneurysm opposite the 
fistula; (d) eAudence of peripheral vascular malnutrition below the 
fistula, i.e., edema, ulceration of the sldn, superficial varicosities, de- 
crease in surface temperature, and decreased pulsation of the dorsalis 
pedis and posterior tibial arteries. 

2. Digital occlusion of the fistulous communication produced: (a) 
bradycardia, and an immediate elevation of the diastolic and systolic 
arterial pressure; (b) definite elcA'ation of the sj^stemic Amnous pressure, 

I.C., anteeubital vein; (c) slight decrease in the size of the heart as seen 
fluoroscopically. 
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3. Operative extirpation of the arteriovenous fistula caused: (a) the 
disappearance of symptoms of myocardial insufficiency; (b) a marked 
decrease in the size of the heart; (c) after the initial rise, a gradual 
drop in the systolic, and a permanent rise in the diastolic arterial blood 
pressure to normal levels; (d) diminution of peripheral edema in the 
affected leg, healing of the leg ulcers, the appearance of adequate ar- 
terial circulation in the foot. 
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A CLINICAL AND PATHOLOGICAL STUDY OP CORONARY 
SCLEROSIS: ITS INCIDENCE IN HYPERTENSION 
AND ANGINA PECTORIS'' 

F. R. Nuzum, M D., a. H. Elliot, M.D., and R. D. Evans, M.D. 

Santa Barbara, Calif. 

W ITH the focusing of attention upon disease of the eoronaiy arteries 
in recent 3 ^ears, it lias become evident, as the result of both clini- 
cal and autopsy studies, that the condition with which it is most often 
associated is arterial hypertension. At the autopsy table, coronary 
arteriosclerosis has been found in 90 per cent of lij'^pertensive patients 
(Bell and Clawson^) whereas in routine autopsies on individuals of 
all ages it occurs in from 25.9 per cent (Tery^) to 37.1 per cent 
(Allan^), and in from 39.6 per cent (Bell and Clawson^) to 50 per cent 
(Eossle'') of persons over the age of forty-five j^ears. There are in the 
literatui-e few verified statements as to whether it maj'' occur as an 
isolated phenomenon or more often concurrently with disease in other 
areas of the arterial bed. Bell and Clawson^ found that in their series 
of hypertensive patients the frequencj’’ of renal arteriosclerosis in the 
coronary group was less than that in the “mjmeardial” and “ence- 
phalic” groups. Bork,® on the other hand, believes that from the middle 
of the fourth decade of life a parallelism exists between arteriosclerosis 
of the coronaiy and peripheral arteries. 

Clinicalty, such relationships are difficult to unravel because so often 
the S3^mptomatology of coronary disease in essential hypertension is 
confused by the presence of a fatigued but adequately irrigated myo- 
cardium. The string galvanometer has proved of value in detecting 
m3mcardial damage consequent upon coronaiy narrowing or occlusion 
in arteriosclerotic heart disease, but the exact significance, as regards 
the condition of the coronaiy arteries, of maiy electrocardiographic 
abnormalities encountered in arterial lypertension demands further 
study. 

We have investigated three groups of patients in an attempt to 
throw light upon the following questions. 

1. What is the incidence of clinicalty detectable coronary sclerosis 
in essential h 3 yertension? 

2. What is the relationship, if an 3 ’-, between the occurrence of coro- 
nary disease and changes of the peripheral vessels, aorta and arterioles 
in this condition? 


•Prom tiie Cottage Hospital, Santa Barbara. 
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3. What is the nature and significance of the electrocardiographic 
changes eneoimtered in essential hypertension? 

METHOD 

The folloAving groups of patients have been studied. 

I. Ninety persons with essential hypertension. The incidence and 
disti'ibution of clinically ascertainable vascular disease, in addition 
to the symptoms and signs (including routine electrocardiograms) of 
coronary sclerosis were determined. The peripheral vessels Avere 
palpated in all instances. The ocular fundi Avere examined. The 
status of i*enal function, as a measure of arteriolar disease of the 
kidneys, Avas determined by the folloAAung tests: (1) P.S.P. ; (2) Avater 
test of Volhard; (3) urea clearance; (4) IcA'el of urea in the blood; 
and (5) in man}’- instances, the creatinine excretion test of klajor 
and the renal test meal of Hedinger-Schlayer. Penal function Avas 
not considered to be impaired unless at least tAvo of these tests gave 
abnormal results. 

II. Sixty-five hypertensive patients dying either of vascular disease 
or of unrelated' causes. The post-moi-tem incidence of coronary sclerosis 
Avas determined. Only an actual arteriosclerotic narrowing of the 
coronary vessels, Avith or Avithout myomalacia or fibrous change of the 
m^mcardium, Avas regarded as significant. The clinical criteria, to be 
described later*, for the presence of coronary sclerosis as applied to 
the first group Avere in this series checked against the post-mortem 
findings. The incidence of coronary charrge Avas coru-elated Avith that 
of arteriosclerosis of the aorta and arteriolar sclerosis of the rerral 
Amssels as determined by the microscope. 

III. One hundred and ten x>atients with. angina pectoris, 10 of whom 
came to autopsy. The irrcidence of peripheral and aordic sclerosis, to- 
gether Avith the electroeardiograj)hic firrdings, Avas contrasted with 
that in the preceding groups and Avith the findings in a series of 23 
autopsied instances of coronary occlusion. 

RESULTS 

The essential data are grten in Table I. Clinically, we have re- 
garded the presence of angina pectoris, cardiac asthma, coronary oc- 
clusion, or, in their absence, electrocardiographic changes (to be dis- 
cussed later) as presumptrte CAddence of coronary sclerosis. In the 
first group of 90 persons haAung essential hypertension such changes 
were encountered in 34 (37.7 per cent), distributed as folloAVS: angina 
pectoris, 7 instances; cardiac asthma, 6 instances; coronary occlusion, 
one instance; electrocardiographic abnormalities only, 20 instances. 
The average age of these patients was slightly greater than that in 
the remainder of this series, and males were predominantly affected. 
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Tlie average duration of elevated blood pressure (8.8 ± 1.0 year), ac- 
cording to the history in 20 instances, was significantly greater than 
the figure of 4.5 ± 0.7 year in 21 instances without evidence of coronary 
sclerosis. There is a statistically significant difference in the incidence 
of changes in the peripheral vessels, in the aorta (as determined by 
fluoroseopj’') , and in renal function in those patients with and without 
clinical evidence of coronary sclerosis. Widespread vascular damage 
is more evident in the group having coronary sclerosis. The series 
of patients with essential hj^rertension coming to necropsy was divided 
into two groups, depending on the clinical evidence of presence or 
absence of coronaiy sclerosis. The pre.sumptive clinical evidence of, 
coronary disease was distributed as follows: angina pectoris in 12 
patients; cardiac asthma in 13; coronary occlusion in 7 ; electrocardio- 
graphic abnormalities only (from a total of 27 tracings) in 3 patients. 
Thus 35 patients, in a total group of 65, had clinical evidence of coro- 
nary disease. In 97 per cent ± 2.8 per cent the clinical impression was 
substantiated by the post-mortem findings. There Avas one exception 
onlj’;, a patient with cardiac asthma whose coronary arteries were only 
slightly diseased. HoAvever, well-marked coronary sclerosis Avas pres- 
ent in over half (66.6 ± 8.5 per cent) of the patients Avho came to post- 
mox’tem examination in Avhom our clinical criteria for its presence Avere 
not met. Aortic sclerosis Avas significantly more common in the coro- 
naiy group ; Avhereas renal arteriolosclerosis, A\dt.h the exception of one 
instance in Avhich the kidney Aims not examined microscopically. Aims 
a unwersal finding. 


TabtjE II 

Percentage of Distribution of Peripheral Arteriosclerosis and 

Arteriolosclerosis 


HYl'EKTKXSION — 90 PATIENTS 

A 

r 

A 

avith clinical 

V’lTHOUT CLINICAL 

coronary 

CORONARY 

sclerosis 

SCLEROSIS 

34 CASES 

56 C.VSES 


1 

■ None 

0.0 ± 1.7 

28.3 ± 6.0 


Temporal 

50.0 ± 8.5 

39.6 ± 6.5 

Peripheral arteriosclerosis 1 

Brachial 

41.1 ± 8.4 

20.7 ± 5.3 


Radial 

79.4 ± 6.9 

58.4 ± 6.5 

1 

[ Dorsalis pedis 

20.5 ± 6.8 

22.6 ± 5.5 

1 

r None 

5.8 ± 4.0 

33.9 ± 6.3 

Arteriolosclerosis J 

Fundi 

76.4 ± 7.2 

45.2 ± 6.4 


[ Kidneys 

47.0 ± 8.5 

22.6 ± 5.5 


It is of interest to compare the above findings Avith those encountered 
in a group of patients Avith angina pectoris and AAdth coronary occlu- 
sion. AVe again find a high incidence of peripheral, aortic, and renal 
artei’iosclerosis, Avhich is greater than might be expected, as a result 
of a complicating hypertension present in some of these patients. 
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One patient witli angina pectoris and pernicious anemia, wlio came 
to autopsy, liad unaltered coronary arteries and aorta. This is an 
exceptional instance and has been reported in detail elsewhere.® 

The preponderance of males in these groups is in accordance with 
common experience. 

In Table II the incidence and distribution of peihpheral ai'teriosclero- 
sis and arteriolosclerosis in patients with and without presumptive clini- 
cal evidence of coronary disease are listed. While we appreciate the 
difficulties in the clinical evaluation by jialpation of the state of the arte- 
rial wall, it would seem that the data are sufficiently accurate satisfac- 
toiuly to indicate a trend. These observations were made by each of us 
throughout, so that the subjective errors of intei*pretation should be 
uniform. 

Thickening of the radial artery ivas encountered more often than 
changes in other vessels. This is contrary to pathological experience 
which teaches that the I'^essels of the leg and foot are more often and 
more intensively involved than those of the upper extremity. This is 
true both for medial calcification, a process which perhaps bears little 
relation to elevated blood pressure, and for intimal atherosclerosis 
where such relationship doubtless exists. The low incidence of change 
of tlie dorsalis pedis arteiy in these patients we believe is attributable 
to the difficulty in adequate interpretation of palpatory findings. 
Doubtless, atherosclerosis of this artery occuri-ed more frequentlj’" than 
our fingers led us to believe. 

The low incidence of changes of the vessels in the ocular fundi, as 
compared Avith that repoi'ted by other observers, requires a ivord of 
explanation. We disregarded minor Amriations, including onlj’’ those 
instances in AAdiich Ave felt certain that the Avascular changes Avere more 
intense and Avidespread than could be attributed to the aging process. 
Briefly, the criteria used Avere increased tortuosity and light refrac- 
tion, together Avith arterioA'^enous compression, alone or combined Avith 
hemorrhage, retinal edema, or degeneratiA’e retinal lesions. The 
changes characteristic of malignant hypertension AAmre not encountered 
in this group. 

It is apparent from Table II that in this group of 90 patients udth 
essential hypertension, clinically ascertainable coronary selei’osis was 
accompanied by Avidespread periplieral arteriosclerosis and, in most 
instances, arteriolar disease as Avell. No patient Avas encountered in 
Avhom there existed clinical evidence of coronary sclerosis, by our 
criteria, to the exclusion of evidence of disease in other areas of the 
vascular bed. The converse of this. hoAvever. Avas not true. There were 
many patients who apparently had generalized vascular damage Avith- 
out clinical evidence of coronary disease. The pathological data, pre- 
viously given suggest. hoAvever, Dial our clinical criteria were inade- 
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quate and that in all probability many of these patients had a signifi- 
cant degree of coronary sclerosis. 

The above facts, if verified by further observations, may be of clini- 
cal value, as regards both diagnosis and prognosis of the cardiac 
status in patients with essential hypertension. 

THE ELECTROCARDIOGRAM 

The electrocardiographic abnormalities associated with coronary 
sclerosis need not be reviewed at this time. Suffice it to say that, in 
order of frequency, T-wave and R- or S-T changes in significant leads, 
left axis deviation, intraventricular conduction disturbances, includ- 
ing low voltage of the QRS complexes in all leads, large Q in Lead 3, 
and of the arrhythmias, extrasystoles, auricular fibrillation, partial 
or complete heart-block, and auricular flutter, are commonly ob- 
served.'^~“ However, certain changes are so often encountered in 
hypertension that, aside from the question of coronary involvement, 
it has been suggested^^ that they constitute a typical picture. These 
changes are left axis deviation, together with increased amplitude 
of QRS and a tendency for T to be directed oppositely to the major 
deflection. Master found these alterations in 33 of 152 hypertensive 
patients. They were for the most part instances of long standing 
hypertension, and, since the mortality was 40 per cent in three years, 
it would appear likely that coronary disease was present in many of 
them. 

We have attempted to study the influence of high blood pressure 
upon the electrocardiogram by statistical analysis of the tracings ob- 
tained from two groups of patients, namely, 102 instances of essential 
h 3 T)ertension and 87 instances of angina pectoris (Table III). No 
patient with acute coronary thrombosis was included. The first group 
was subdivided into patients with and without clinical evidence of 
coronary sclerosis. The anginal group, most or all of whom presumably 
had some degree of coronary disease, was subdivided according to the 
absence or presence of elevated blood pressure. The percentage inci- 
dence, with its standard deviation of the mean, has been tabulated 
for each group with the purpose of demonstrating which changes are 
significantly influenced by the presence or absence of increased blood 
pressure and of clinically evident coronary sclerosis. The following 
changes occurred too infrequently to allow of deduction: bundle- 
branch block; right axis deviation; invei*ted Tg; large Qg; auricular 
fibrillation; extrasystoles. Table III discloses the following interest- 
ing facts. 

Left axis deviation: This occurred more often in hypertension with 
clinical coronary involvement than without, but its incidence was not 
appreciably influenced by the presence or absence of elevated blood 
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pressure in patients liaving angina pectoris. This finding is in accord 
with the experience of Ziskin^® who could not closely coi’relate the 
presence or absence of left axis deviation with the height of the blood 
pressure or the size of the heart, and concluded that hypertension 
alone does not produce preponderance. The high incidence of left 
axis deviation in our series of angina patients Avith normal blood pres- 
sures suggests that coronaiy disease nia.y Avell be a factor in its 
production. 

Diphasic or inverted or T„: The incidence of these abnormalities 
was apparently decidedly influenced by the presence of hypertension 
in our patients. T^ or T, change occurred more frequently in those 
angina patients Avith hypertension than in those Avithout; Aidiereas 
the clinical presence of coronaiy disease in hypertensiAm patients 
increased its incidence but slightly as compared Avith the rest of the 
group. While the significance of this finding is not entirely clear, it 
Avould indicate caution in the interpretation of such changes, as re- 
gards the state of the coronary arteries, in the presence of hypertension. 

Combined diphasic or inverted T^ and. T.^: The incidence of this 
alteration Avas not increased by the presence of hypertension in the 
angina group, but Avas slightly gi*eater in the hjTDertensive patients 
Avith clinical coronary disease. It seems that this change may safely 
be regarded as indicating the presence of coronary disease in these 
patients. 

In summarjq left axis deviation occurs more frequently in the pres- 
ence of clinical symptoms of coronary sclerosis than in their absence. 
The presence of inci*eased blood pressure plays little direct part in its 
production. Isolated changes of either Tj or T„ are common in arterial 
hypertension, and their significance, as regards the diagnosis of coro- 
nary artery inAmWement, is problematical. Changes of T^ and To 
together, hoAveAmr, cannot be atti’ibuted to the presence of hyperten- 
sion alone. They probably indicate coronaiy damage. 

SUMMARY 

1. Clinicallj’’ detectable coronary sclerosis occurred in 44.5 ± 3.8 per 
cent of 155 unseleeted hypertenshm patients, disti’ibuted as folloAVS : 
angina pectoris and cardiac asthma, each 12.2 per centj electrocardio- 
graphic abnormalities only (from a total of 117 tracings) 19.6 per cent; 
coronary occlusion, 5.1 per cent. 

2. In 65 hypertenshm patients coming to necropsy, the clinical diag- 
nosis of coronary sclerosis Avas substantiated in 97 + 2.8 per cent of 
the instances in AAdiich the diagnosis Avas made. HoAveAmr, the con- 
dition Avas likeAvise present in 66.6 ± 8.5 per cent of the remaining 
patients in Avhom it Avas not suspected. 
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3. Coronary disease in these patients was almost uniformly accom- 
panied bj’’ intense vascular changes in other areas of the vascular bed 
as disclosed by both clinical examination and post-mortem studies. 
The coronary arteries, however, were occasionally spared in instances 
of widespread vascular disease. 

4. The electrocardiographic findings in this group of patients are 
contrasted with those encountered in patients having angina pectoris. 
The influence of uncomplicated hj^ertension and of coronary sclerosis 
upon the electrocardiogram is discussed. 
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A CASE OF CONGENITAL COMPLETE HEART-BLOCK 
WITH LABILE VENTRICULAR RATE* 

Harold D. Levine, M.D. 

Boston, Mass. 

T he failure of tlie slowed heart to respond to procedures paralyzing 
the vagus nerve endings has long been taught as demonstrating an 
intrinsic heart-block.^ This has recently been called in question by 
the careful researches of Gilchrist, who showed that the adult heart 
with complete aurieuloventrieular block can accelerate on atropiniza- 
tion provided the drug is given in adequate dosage." This same re- 
sponse to atropine was observed recently in the case of complete heart- 
block recorded here and regarded as congenital in origin. A similar 
lability of the ventricular rate characterized the response of this 
heart to fever, exercise, atropine and epinephrine. ^ 

The recent critical and analytical review of Yater, Lyon and Mc- 
Nabb® and the inaugural thesis of Archigene^ serve as the chief guides 
to the literature on the subject of congenital heart-block. At the 
present a recapitulation of this material would be untimely. Interest 
in the case to be described seems to attach as much to the marked 
lability of the ventricular rate as to the rarity of the condition itself. 
It Avill be clear that if the stability of the pulse were to serve as the 
clue to the diagnosis of complete heart-block in this case, the diagnosis 
would not have been suspected. Leech® in his proved case of con- 
genital block likewise seldom found the same pulse rate at successive 
examinations. The comparatively high ventricular rate of juvenile 
block as compared to that of adult block has been commented upon 
by Clerc and Levy.® This again might serve to divert attention from 
the possibility of the diagnosis. GilchrisU feels that it is quite likely 
that at least some of these cases escape detection in childhood on ac- 
count of the relatively fast ventricular rate. Clerc and Levy® believe 
that the rapid rate may explain why syncope is so rare in complete 
block in childhood. 

A majority of writers^’ have found in cases of congenital com- 
plete heart-block that exertion of one form or another produces an 
acceleration of the heart rate of greater or lesser degree. Lian^® 
noted a transient acceleration of the heart and emphasized the im- 
portance of taking the rate during fractions of the first minute. Leech® 
described an acceleration to 63 and noted that this response was 
thought to constitute evidence against the likelihood of there being 

‘From the Medical Clinic of the Peter Bent Brigham Hospital. 


376 



IjE\^NE : 


CONGENITAL COMPLETE HEART-BLOCK 


377 


a high degree of block, but a subsequent electrocardiogram showed 
complete auriculoventricular dissociation. Carter and Howland, 
McIntosh,^® Aylward,^® Anderson®® and Sclar®^ on the other hand 
found no change in heart rate to follow exercise. 

Campbell and Suzman^® regard it as likely that chemical changes in 
the blood, especially the increased carbon dioxide content, are respon- 
sible for the increase in rate. That this may not be the entire ex- 
planation is attested by the response of some of the hearts of the typ^e 
under consideration to nervous influences. Thus, whereas AVhipham®® 
noted no respiratory variation in the ventricular rate, and neither 
Carter and Howland^^ in their second ease nor Fleming and Steven- 
son®® in their first case found appreciable changes in the ventricular 
rate under vagal stimulation, D ’Espine and Cottin®^ observed a reflex 
fall in heart rate from 28 to 24 on ocular pressure.* Leech® also found 
a slight slowing from the oculocardiac reflex. Meyer,®® peculiarly 
enough, noted acceleration from 68 to 80 on ocular pressure, but there 
were extrass’^stoles. 

The effect of atropine on hearts of this sort also has been studied 
by numerous workers, but unfortunately in many cases tlie dose given 
is not recorded.®®’ ®® Calandre,®® Meyer,®® McIntosh,®® Davis and 
Steelier®® and Braiidenberg®® noted the auricular rate to rise as it 
does in normal hearts, but they found no essential changes in the 
ventricular rate. On the other hand Poliak and Hecht,®® ‘Whipham,®® 
Smith,® Leech,® Aitken,®® Leaman,®® and Campbell and Suzman®® noted 
ventricular acceleration of variable degree, the maximal rise being 
observed from twenty to forty minutes after the injection. 

That hearts showing congenital complete block can accelerate after 
epinephrine does not necessarily imply that purely nervous mechan- 
isms are involved. This is amply demonstrated in the work of Cannon 
and his coworkers, who use the acceleration of the totally denervated 
Iieart to detect the presence in the blood stream of minute amounts 
of adrenin or adrenin-like substances. Thus, acceleration in congenital 
complete heart-block after epinephrine as described by Meyer,®® 
Leech,® and Blackford and McGehee®® is not surprising. The failure 
of Fleming and Stevenson®® to produce ventricular acceleration after 
0.5 c.c. 1 :1,000 epinephrine is probably without significance, for there 
was no simultaneous auricular acceleration. 

The effect of fever in causing a rise in pulse rate has been described 
by a few authors.®®' ®®' ®®’ -®> 

These clinical observations find their counterpart in both anatomical 
and physiological investigations. Engel,®® for example, has demon- 
sL-ated the distribution of nerve fibei-s in the human heart to Purkinje 
tissue beyond the auriculoventricular node and the main bundle. 
Erlang er®® found that whereas vagus stimulation usually caused no 
•Case not clcctrocardioiraphically proved to be complete block. 
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change in the ventricular rate in complete block, in exceptional in- 
stances there was a minimal sloAving. He also found the ventricular 
as well as the auricular rates in complete block to increase on stimu- 
lation of the accelerator nerve. Hering,®= as well as Kijhl,^® found 
that vagal stimulatiou caused slowing of the ventricles in experi- 
mental complete heart-block. It follows from the above review both 
clinical and experimental that there are both vagal and accelerator 
mechanisms which can alter the ventricular rate in complete' heart- 
block. 

REPORT OF CASE 

The patient was a twelve-year-old schoolboy who was admitted on the medical 
sernce of the Peter Bent Brigham Ilospital for sore throat and swollen neck glands 
of three weeks’ duration. This began with a sense of irritation in the throat, sore- 
ness in the neck, fever, nausea, vomiting, vertigo, and headache. There was also 
some earache and dysphagia, but these cleared up after a week of bed rest only to 
return again with marked soreness of the throat and swollen, tender glands on both 
sides of the neck. Pliysical examination on admission showed a tall, angular, pale, 
and poorly nourished boy. The neck glands were large, tender and fiinn; the 
pharynx was markedly injected, and all the visible lymphoid tissue was swollen. 
The temperature was 102.2° F. and the jralse rate 80 beats to the minute. Chief 
interest centered in the heart. The left border of dullness was percussed 9 cm. 
to the left of the midsternal line in the fourth intercostal space. The apex im- 
pulse was diffuse, and a definite precordial wave, commencing near the nipple and 
moving toward the sternum with each systole, was caused by the cardiac impact. The 
first sound at the apex was snapping in quality and was followed by a moderate 
blowing systolic murmur which was heard well over the entire precordium. There 
was no cyanosis or clubbing of the fingers. The remainder of the examination, aside 
from a large scar on the right log, was negative. On subsequent examination with 
the heart rate slower the systolic murmur was noted to be loudest in the lower pre- 
cordium. There was occasionally heard in diastole a dull distant sound particularly 
well brought out after exercise or rvith the patient in the left lateral j)Osition. In 
addition there was noted an occasional change in the quality of the first heart sound 
which became higher pitched and louder. 

On admission the white blood cell count was 22,700, the rod blood cell count 
4,310,000 and the hemoglobin 80 per cent (Sahli). The blood smear showed a 
differonti.al count of 90 per cent polymorphonuclear leucocytes, 9 per cent lympho- 
cytes, and 1 per cent basophiles. There was a slight “shift to the left.” The 
urine contained the slightest possible trace of albumin by Heller’s test, and the 
sediment was negative. 

The temperature dropped to 99° F. by the third day but rose again to 100° B- 
concomitant with the development of a peritonsillar abscess, which caused the patient 
very little discomfort and ruptured spontaneously on the fifth day while he was 
eating lunch. The white blood cell count dropped to 12,700 on the sixth day. The 
pulse showed marked variations throughout his stay. On the second day it fell to 
I'O, and it then varied around oO but reached a level of 37 on his seventh day and 
again rose to 80 on the eighteenth day when the temperature was normal. 

Numerous electrocardiographic tracings were taken. One on January 10, 1934, 
showed complete auric.ulovcntricular dissociation with a ventricular rate of 46.7 and 
an auricular rate of 82.4. The auricles showed sinus arrhythmia. The complexes 
were upright in all leads. Tracings were not obtained at the times the heart rate 
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was 80 per minute. A roentgen ray film of the heart showed no cardiac enlargement 
or abnormality in contour otlier than a rather straight left border. The hilus 
shadows were slightly exaggerated. The diagnosis of congenital complete heart-block 
with probable interventricular septal defect was made. 

The antecedent history of the patient was rather interesting. He weighed seven 
pounds at birth, and no cyanosis was noted at that time. He developed normally 
and was weaned at eleven months. At the age of two weeks he was examined 
by Dr. Karlton G. Percy of the Brookline (Mass.) Health Unit. He found the 
radial and apical rates to be 72 beats to the minute and noted a soft blowing systolic 
murmur heard best at the pulmonic area. His diagnosis was congenital heart disease. 
At the age of four the patient sustained extensive burns of his right leg; he was 
treated for this at tlie Children's Hospital with skin grafts, and he was followed at 
that institution as a casei of congenital heart-block. He had pneumonia at the age 
of eight years and several attacks of asthma for which he was tested with negative 
findings. He gave no history of diphtheria, scarlet fever, rheumatic fever, or chorea. 
He had always been somewhat underweight and sickly, falling two years behind his 
classmates, but he was able to enter into practically all their activities. He never 
had sjmcopal or convulsive attacks. It is of interest that when treated at the Chil- 
dren’s Hospital his pulse on admission was 135, then ranged between 53 and 90, 
the usual pulse being rather constantly at a level of 60. 

During convalescence at the Peter Bent Brigham Hospital numerous studies were 
carried out. These included study of the effects of epinephrine, atropine, exercise, 
vagal pressure, carotid sinus pressure and ocular pressure. The ventricular as well 
as the auricular rates were accelerated after epinephine, atropine, and exercise. The 
ventricular rate rose from 45.2 to a maximum of 74.3 beats per minute twenty-three 


Table I 

Effect of EpiKEpuniNE on Blood Pressure, Circulation Time, 

AURICUL.VR AND VENTRICULAR BATES* 


electro- 

cardiogram 


TIJIE 


1 

2 


Control (see upper trac- 
ing Fig. 1). 

Determination of circu- 
lation time (0.25 c.e. 
2 per cent sodium 
cyanide). 

Five minutes after sub- 
cutaneous injection of 
0.5 c.c. 1:1,000 epine- 
phrine. 

Seven minutes after in- 
jection. 

Determination of circu- 
lation time (0.20 c.c. 
2 per cent sodium 
cyanide). 

Twenty minutes after 
injection (frequent ex- 
trasystoles) . 

Twen'y-three minutes 
after iniection. (See 
lower tracing Fig. 1.) 


injection. 


BLOOD 

RESSURE 

CIRCULA- 

TION 

TIME 

auric- 

ular 

RATE 

ventric- 

ular 

rate 

145/60 

— 

87.7 

45.2 

- 

13 seconds 

88.2 

44.9 

170/65 

- 

91.2 

46.8 

170/60 

- 

96.6 

47.4 

— 

9 seconds 

100.3 

51.4 

lSO/60 

- 

117.6 

62.6 

- 

- 

131.0 

74.3 

202/56 

- 

124.1 

63.4 


A. Schnitkor for assistance in carry-7^;i^^inw7;xperiment. 
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minutes after the subcutaneous injection of 0.5 c.c. 1:1,000 epinephrine (Table I). 
At this time there were frequent extrasystolcs, but the rate was counted in a strip 
in which there were no extrasystoles (Fig. 1). Tliere was no change in the grade of 
block. The circulation time as determined by the sodium cyanide method fell from 
thirteen seconds to nine seconds seventeen minutes after the injection of epinephrine. 



Pig-. 1. — Electrocardiographic tracings taken before and twenty-three minutes after 
the subcutaneous injection of 0.5 c.c. 1:1000 epinephrine. Upper tracing (control) 
shows auricular rate 87.7 per minute and ventricular rate 45.2 per minute. Lower 
tracing shows auricular rate 131.0 and ventricular rate 74.3 per minute in a strip 
in -which no extrasystoles are present. Both tracings are from Lead II. 



Pig. 2. — Electrocardiographic tracings taken before and one hour after the sub- 
cutaneous injection of 1 mg. of atropine sulphate. Upper tracing (control) taken 
from Lead II shows auricular rate 88.9 and ventricular rate 46.8 per minute. I^wer 
tracing taken from Lead III shows auricular rate 107.9 and ventricular rate 59.1 per 
minute. 


The ventricular rate rose from 46.8 to 59.1 beats per minute one hour after the 
subcutaneous injection of one milligram of atropine sulphate (Table 11, Fig. 2). 
There is reason to believe that the rate might have been counted at a still higher 
level, if counts had been made at intervals during the first hour (see above). 
Exercise consisting of hopping alternately on each leg for three minutes caused a 
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slight transient acceleration of the heart rate, most apparent wlien the rate was 
counted each quarter-minute. During the first two quarter-minutes the calculated 
rates rose from 50 beats per minute to 56 beats per minute (Table III). While 
strong carotid sinus pressure or pressure on either vagus nerve lower down in the 
neck produced essentially no change in the rate, ocular pressure produced a slowing 
amounting to four beats per minute. There was no respiratory change in the ven- 
trienlar rate. 

Table II 


Effect of Atropine on AimicuiiAR and Ventricular Bates 


electrocardiogram time 

AURICULAR 

RATE 

VENTRICULAR 

RATE 

1 

Before injection (see upper 
tracing Fig. 2). 

88.9 

46.9 

2 

One hour after subcutaneous 
injection of 1 mg. atropine 
sulphate. (See lower trac- 
ing Fig. 2.) 

107.4 

59.1 

3 

Two hours after same. 

68.3 

42.8 

4 

Three hours after same. 

63.7 

34.8 


Table III 


Effect of Exerctse, Carotid Sinus Pressure, Vagal Pressure and 
Ocular Pressure on the He-^rt Rate 



RATE 

BEFORE 

EXERCISE 

RATE BEFORE 
CAROTID 
SINUS 

PRESSURE 

RATE BEFORE 
VAGAL 
PRESSURE 

RATE BEFORE 
OCULAR 
PRESSURE 

First quarter minute 

13 

Right 

11 

Left 

11 

Right 

12 

Left 

12 

Bight 

12 

Left 

12 

Second quarter minute 

12 

11 

11 

12 

12 

12 

12 

Third quarter minute 

laj 

11 

11 

12 

12 

12 

11 

Fourth quarter minute 

12 

12 

11 

12 

12 

12 

11 


RATE 

AFTER 

EXERCISE 

RATE DURING 
CAROTID 

SINUS 

PRESSURE 

RATE DURING 
VAGAL 

PRESSURE 

KATE DURING 

OCULAR 

PRESSURE 

First quarter minute 

14 

Bight 

11 

Left 

11 

Right 

12 

Left 

12 

Bight 

11 

Left 

11 

Second quarter minute 

14 

12 

11 

12 

12 

11 

10 

Third quarter minute 

12 

11 

11 

12 

11 

11 

10 

Fourth quarter minute 

11 

12 

11 

13 

12 

— 


Fifth quarter minute 

12 

— 

— 

— 

— 

— 


Sixth quarter minute 

12 

— 


— 

— 

— 



Seventh quarter minute 

13 

— 

— 

— 





Eighth quarter minute 

13 

- 

- 

- 

- 

- 

- 


SUMMARY 

A case is described of congenital complete heart-block with probable 
interventrienlar septal defect, seen during an attack of acute tonsil- 
litis. The ventricular rate varied spontaneously and with fever, 
exercise, ocular pressure, and the administration of atropine and 
epinephrine. The subject of the lability of the ventricular rate in 
congenital complete heart-block is discussed. 
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INTRAPERICARDIAL RUPTURE OP AORTA 

Report of Two Cases 

Robert M. Hardaway, M.D.,* and Mack M. Green, M.D.f 

Denver, Colo. 

N O ATTEMPT will be made to review the literature on this very 
interesting subject. A review of the first ease reported makes 
one wonder how early in life degenerative changes may be expected. 
It is unfortunate that the clinical study of this patient is so limited, 
but he was not admitted to the hospital, as the seriousness of his ill- 
ness was not suspected. 

Case 1. — G. H. H., white male, aged nineteen years, well-developed young athlete 
and student in the Citizens' Military Training Camp, Fort Snelling, Minnesota, 
August, 1932. He was an excellent tennis player and had reached the semi- 
finals in doubles and singles in the C. M. T. C. tournament when he was forced 
to withdraw because of very severe precordial pain on August 21, 1932. This 
severe pain was of short duration, but there was a persistent feeling of uneasi- 
ness with anxiety that was progressive up to the fatal termination. 

His mother and father both have arterial hypertension. 

Present Illness: August 23, 1932, about 7 p.m., while in a stooping position 
washing his clothes, he was conscious of a sharp, cracking sensation in his chest. 
This was, however, not complained of until one hour later when he complained 
of pain in his right chest, dyspnea and anxiety. Examination by a doctor showed 
temperature normal, pulse 80, respiration 22. During the night he was uncom- 
fortable, slept very little, and the pain in right chest continued. He remained 
in quarters August 24 with the same symptoms and pain prevailing. Appetite 
was nil. He again spent a very restless, anxious night. On the morning of 
August 25 he was up by 6 a.m., and still complained of pain in his chest. He 
was instructed to remain in his barracks for the day, where at 8:55 a.m. he was 
found lying across his bed unconscious, after having taken a gun out of a rack 
for another student. There was marked cyanosis of face and hands, and respira- 
tion was labored. He was soon seen by several of the Camp physicians and at 
9 A.M. was pronounced dead. Apparently this exertion completed the rupture of 
the aorta, with the resultant intrapericardial hemorrhage. 

Personal History: He had the usual childhood diseases without complications. 
Had never had any prolonged illness. No operation of any kind. Always healthy, 
was an excellent athlete, playing baseball, basket-ball, football and tennis. 
Denied venereal diseases. 

An autopsy done by Major T. W. O'Brien, M. C., showed the following: “The 
pericardium is distended and filled with blood (about 200 c.c. in amount) due to 
a rupture of the ascending aorta. The heart is in firm contraction, normal in 
size with a well-developed left ventricle. There is a rupture in the ascending 

*Lt. Col., Medical Corps, TJ. S. Army, "Fitzsimons General Hospital. 
tCaptain, Medical Corps, U. S. Army, Fitzsimons General Hospital. 
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aorta extending in an irregular, longitudinal direction upward from a point 
just above tbe right coronary artery for a distance of 3 inches. The tear in the 
intima was definitely older than that in the adventitia, which apparently oc- 
curred several days later after the blood had dissected posteriorly between the intima 
and adventitia. The rupture in the adventitia was distal to the rent in the 
intima. From the appearance of the dissecting hemorrhage one would believe 
it to be probably several days old. No other pathological lesion of importance 
was found elsewhere.” 

Mioroscovio Beport: (Made by Major P. E. McNabb, Medical Corps.) “Sec- 
tions made through the aorta at a point some distance from the rupture show 
a mild separation of the tissue elements in the media. The adventitia is thick- 
ened both by increased fibrous tissue and by edema. There is no recent in- 



Pigr. 1. 


flainmatory reaction in the region. The section taken from near the point of 
rupture shows degeneration in the media, but the adventitia is widely separated 
from the media by a massive liemorrliagic infiltration. This appears to be of 
different ages, and in many areas the clot contains numerous leucocytes and a 
large amount of blood pigment. In the adventitia there is both diffuse and 
localized infiltration of leucocytes. The most conspicuous change, however, oc- 
curs in the endothelium of the blood vessels. One of the sections .shows a longi- 
tudinally directed vessel in which the endothelium is remarkably swollen, pro- 
liferating, and in some areas appears to have two or three rows of cuboidal 

shaped cells. Some of these enlarged endothelial cells are detached into the 
lumen of the vessel.” 


Case 2. ,T. W. L., white male, aged fiftj--five rears, was admitted 
General Hospital March 27, 1934, with the following history; 


to Fitzsimons 
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Symiptoms anil Comj)'laints: •■»h 1 cxpc'ctorntinp blood. Paco, ]ip.s and 

finger tips cynnotic. Pain, severe, in the left ehc.st; weakness and cardiac dis- 
tress on re.spiratory inovenicnt. ^Marked insomnia for two days. 

Present Illness: The patient was in good health until March Oil, 1934, wlien he 
was defrosting a refrigerator and was seized with a .sudden, severe, cardiac 
pain, as if he had been shot. Respiration increased this pain, and he had to be 
assisted to a chair where he soon fainted and fell to the floor. "When ho re- 
vived he felt weak and cold, and still had the severe pain in the left chest. 
The familj' phj'sician soon was called in, and he felt there was some coronary 
disease. His general condition remained much the same until he was admitted 
to this hospital on the afternoon of Ifarch 27, 1934. 

Personal JTisiory: Herniotomy, left, ^919, with ree.urronce several years later. 
Hemorrhoidectomy and tonsillectomy, 1927. Second repair of hernia, left, .Tan- 
uarj', 1934. The last operation was apjiarently .successful and recovery was 
uneventful. Always enjoyed good health; no change in weight; denied venereal 
diseases (Wassermann negative .at this hospital in 1927), and family history was 
essentially negative. 

Condition on Admission : Pulse lOS, temperature 99° F., respiration 20. A well- 
devclopod, white male with good nutrition, weighing about 17i5 pounds. Face, 
lips and finger tijis cyanotic. Coughing moderate, with some expectoration of 
blood. Pupils equal in size, active to light. Reflexes considered ns normal. 
Blood pressure 190/120 mm. AVhite blood count 14,000 Avith .S9 per cent of 
polymorphonuclears. 

An x-ray film made soon after admission was reported as follows: “Bedside 
x-ray examination of the chest shows the thorax negative. Trachea lies slightly 
to the right of the midlino. Cardiac shndoAV is somewhat horizontal in shape 
and appears slightly enlarged to the loft and right. There ai>pears to be a 
considerable tortuosity of the thoracic aorta. A mottled, uneven clouding in 
the basal portion of the right lung is suggestive of a lung infarct. This lung 
is otherwise clear. The left lung is essentially negative.’' 

An electrocardiogram made starch 29 .><howcd the following: “Auricular 
rate 107; ventricular rate 107; rhythm regular; left axis deviation; P. is diphasic; 
P-R. interval is 0.10 sec.; QR.S slurred in Lead III; S-T elevated (marked) in 
Leads I and II; depressed in Lead III; T-wavc inverted, Lead HI. Tlie findings 
in this case suggest acute coronary thrombosis Avith severe myocardial damage.” 

The patient’s general condition remained about tlie same Avhile he Avas in 
the hospital until the morning of IMarcli 31, 1934. 'While he Avas eating his 
breakfast, the nurse left the room for a fcAV minutes, and on her return .she 
found him dead. 

The autopsy, made by IMajor H. P. SaAvyer, !M. C., folloAvs; “'I'he heart is 
huge and on palpation appears to bo solid. The jioricardiiini is so thick that 
one cannot see the color of the blood through it. On opening the jiericardium 
a huge clot is found surrounding the entire heart, extending up to the groat 
vessels and about 900 c.c. in amount. The pericardium at about the auriculo- 
A-entricular septum .sIioavs a line of old visceroparietal adhesions. AboA'C this 
old lino the clot seems older and is firmer and more fibrous. The lower portion 
of the clot is more recent and more fluid. The right heart is fairly normal, the muscle 
pale but firm. The A'alves arc all normal, ’riie right A-cntriclc appears ns if 
plastered over the right side of the globular, hypertrophied left ventricle. The 
latter is about 2.5 cm. in thickness. The mitral A'alA-es appear competent. Fol- 
lowing up the aorta about 3 cm. aboA'e the sinuses of 'X^alsalva there is a long 
rupture AA'hich is directed upward and a little to the right. ’The aorta shows a 
moderate sclerosis from the summit of the arch down to the bifurcation, but 
at the rupture there is very little sclerosis. At the point of rupture the wall is 
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a little thinner than elsewhere. There is a noticeable fatty infiltration of the media 
in the sclerotic areas. The coronaries show a moderate amount of sclerosis, but 
there is no occlusion. The impression is that a small rupture occurred first on 
.exertion, the resulting hemorrhage into the pericardial sac being confined for 
the time being to the upper third of the sac by the line of adhesions along the 
auriculoventricular septum. Later the primary rupture enlarged, due to pressure, 
the retaining line of adhesions gave way, and the entire sac filled to extreme 
distention. ’ ’ 



Fig. 2. 


ilicroscopic Eeport of Aorta; “Sections made at the site of rupture show the 
elastic fibers of the media, which arc markedly dccreaiscd in all sections, are 
still more infrequent as the line of rupture is approached. Botli elastica interna 
and externa are either totally ab.«cnt or so thin as to be unrecognizable. There 
IS a noticeable infiltration of the media with fat and a definite degeneration of 
a the medial elements. There also appears a large, misplaced branch of the 
^asa vasorum which occnpie.s the medial portion of the section and in one place 
Julges the interim markedly. The tear in the artery traverses the vascular ap- 
pearing space, which practically halve.s the thickness of the wall.” 
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This second case is especially interesting in that, the recorded dam- 
age as shown by the electrocardiograph I’esenibled that of acute 
coronary thrombosis. It is believed that this maj' have been due to 
the pressure of the tensely distended pericardial sac upon the coronary 
branches, resulting in ischemia of the heart muscle. 

These cases are reported chietlj' to show that degenerative changes 
of the cardiovascular sj\stem may be present in youth. It is possible 
that they ai*e much more prevalent than is believed. In the case of 
the C.M.T.C. student the violent exercise apparently caused death in 
a person who possibly might have lived out the average span of life 
had he not been such an ardent participant in strenuous sports. 
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ment could be attributed to valvular or renal disease. An attempt is made to 
evaluate arteriosclerosis, general or especially pronounced in tlie coronary vessels, as 
a factor in the production of cardiac liypertrophy. Thus far the study does not sup- 
port the view that arteriosclerosis is a cause of cardiac hypertrophy. 

Arteriosclerotic Heart Disease: Coronary Thrombosis and Its Effect on the Size 
of the Heart. Emmet F. Horinc, M.D., and !Morris !M. AVoiss, IM.D., Louisville, 
Ky. 

ABSTEACT 

Statements have been made that coronaiy thrombosis of itself may produce cardiac 
enlargement. Patients with arteriosclerotic heart disease and normal sized hearts 
who developed coronaiy thrombosis were followed for varying intervals of years. 
None developed eardiac enlargement. Heart-block, arteriosclerotic in origin, did 
not produce cardiac enlargement. Autopsy studies and a brief summary of 
pertinent literature are included. 


Arteriosclerotic Heart Disease in Diabetes. H. F. Eoot, M.D., and T. P. Sharkey, 
M.D., Boston, IMass. 


ABSTEACT 


The frequency and severity of arteriosclerotic heart disease as demonstrated by 
autopsy examinations at the New England Deaconess Hospital were correlated with 
the clinical records, special attention being given to the etiological factors of hyper- 
tension, obesity, and duration of diabetes. One-half the patients had had hyperten- 
sion. The symptomatology and clinical course of the cardiac cases were character- 
istically those of insufficiency of the coronary circulation, with a high incidence of 
acute coronary thrombosis as a cause of death. The severity of coronarj- disease 
was greater in the hypertensive group, but the incidence of arteriosclerotic gangrene 
of the feet was less affected by hypertension. Absence of marked hypertrophy of 
the heart, even in the presence of hypertension together with a high incidence of 
myocardial degeneration, was noted. Distinction between arteriolar sclerosis and 
large vessel sclerosis was not clear-cut because of the coexistence of both types. 
The evidence indicates that arteriosclerosis is unimportant as a cause of diabetes, 
but the development of arteiiosclerotic heart disease in diabetic patients is excessive. 


Valvular Atherosclerosis. Sylvester McGinn, M.D., and Paul D. White, M.D., 
Boston, Mass. To be published in a later issue of the American Heart Journal. 
Coronary Arteriosclerosis, Coronary Thrombosis and the Resulting Myocardial 
Changes. II. An Evaluation of the Clinical Pictures Including the Electro- 
cardiographic Records Based on the Anatomical Findings. Walter S. Priest, 
M.D., AValter W. Hamburger, M.D., Louis N. Katz, M.D., and Otto Saphir, M.D., 
Chicago, HI. To be published in a later issue of the American Heart Journal. 
Significance of the Coronary Circulation in Arteriosclerotic Heart Disease. Fred. 
M. Smith, M.D., AV. D. Paul, M.D., Iowa City, and H. W. Eathe, M.D., Waverly, 
Iowa. 

ABSTEACT 

This report is based on the study of approximately 400 cases of arteriosclerotic 
heart disease in wliich there was a significant involvement of the coronary arteries. 
Forty-five of these cases came to necropsy. The progress of the cardiac dis- 
ability was analyzed with reference to the vague clinical manifestations and their 
relationship to possible disturbance in the coronary circulation. We have been par- 
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ticularly interested in tlie incidence of suspected and unmistakable coronary accidents, 
the significance of paroxysmal dyspnea and the relationship between angina of 
effort and coronary occlusion. Most of these patients were studied electrocardio- 
graphically, and many had serial curves. This study emphasizes the importance 
of constantly bearing in mind the status of the coronary circulation in arteriosclerotic 
heart disease. In the patients who came to necropsy there was, in general, a close 
correlation between the clinical interpretation and the pathological findings. 

Mechanism of Pain Production in Angina Pectoris. Louis N. Katz, M.D., Chicago, 
m. See page 322. 

Anginal Pain and Coronary Disease: A Clinical and Pathological Study of 600 
Cases. Kenneth B. Turner, M.D., Howard G. Bruenn, M.D., and Eobert L. Levy, 
M.D., New York, K. Y. 

ABSTBACT 

This series of cases has been analyzed with cardiac pain as the central point of 
interest, in an attempt to correlate the clinical aspects and the pathological anatomy. 
Various etiological types and degrees of coronary artery disease have been considered. 
Such factors as the location of the lesions, character and extent of myocardial 
involvement, associated clinical and pathological states and causes of death are dis- 
cussed. The circumstances which favor the occurrence of anginal pain are described. 

The Eolation of Symptoms of Cardiac Infarction to the Pathological Findings. 
Nathan S. Davis, III, M.D., Chicago, HI. 

ABSTBACT 

An analysis of the records of 77 successive cases of cardiac infarction has been 
made. Pain was present in about 48 per cent, absent in about 33 per cent, and in 
IS per cent there was no history. In the group with pain, epigastric pain was 
present in about 14 per cent, nocturnal angina in 8 per cent, and about 35 per cent 
had had previous anginal attacks. Nocturnal dyspnea, paroxysmal dyspnea, and con- 
gestive heart failure were more common in the group without pain, as were also 
cardiac dilatation and cardiac aneurysm. Occlusion of the circumflex branch of 
the left coronary artery was found most often in those patients without history; 
occlusion of the descending branch in those with and without pain. Stenosis and 
occlusion in one branch or stenosis in one and occlusion in another occurred most 
often in those with pain, least often in those without. Myomalacia, hemorrhagic, 
irregular and multiple areas of infarction are relativelj' more common in those 
with pain; recent and ancient fibrosis, anemic and circumscribed areas of in- 
farction in those without pain. 

Factors Which Obscure Electrocardiographic Diagnosis and Localization of Acute 
Myocardial Infarction, and Eecent Observations Permitting Greater Accuracy 
of Diagnosis. A. K. Baines, ^l.D., Kochester, Minn. 

ABSTBACT 

Analysis of a large series of cases of acute myocardial infarction reveals several 
factors which interfere with the development of typical electrocardiographic changes. 
These factors are discussed and illustrated. The importance of observing the electro- 
cardiographic changes in the initial ventricular complex, and especially the value of 
the combined study of the initial and final ventricular complexes, is stressed. The 
electrocardiographic pattern which may develop when acute coronary occlusion is 
complicated by pericarditis is pointed out. The interpretation of minimal electro- 
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cardiographic changes of infarction is discussed. The supplementary information 
obtained under such conditions by the use of anteroposterior thoracic leads is 
illustrated. 

Localization of Cardiac Infarcts According to Component Ventricular Muscles. 
Jane Sands Eobb, M.D., J. G. Fred Hiss. M.D., and Robert C. Robb, Sc.D., Syra- 
cuse, N. Y. See page 287. 

Electrocardiograms in Coronary Sclerosis and Occlusion. Howard B. Sprague, 
M.D., and Edward S. Orgain, M.D., Boston, Mass. 

ABSTRACT 

This study correlates the electrocardiograms taken during the course of acute 
coronary occlusion with the pathological findings. A similar correlation is made in 
a series with diffuse myocardial change ivitli or without cadence of old myocardial 
infarct. A third group has been studied in wliich the autopsy findings revealed 
advanced coronarj' sclerosis but in which the electrocardiographic findings were 
equivocal. Electrocardiograms of patients with coronary arteriosclerosis but with- 
out cardiac infarction may promde ver 3 ' indefinite evidence of the severitj’ of the 
process. 

Changes in the Electrocardiogram Resulting From Induced Attacks of Angina 
Pectoris. Merritt B. Whitten, il.D., and James H. Herndon, M.D., Dallas, 
Texas. 

ABSTRACT 

Electrocardiograms were taken on a number of patients before and during at- 
tacks of angina pectoris induced bj* exercise. Striking changes in the electro- 
cardiogram, especially in the Q-wave, RS-T interval and T-wave, were observed in a 
number of the cases. Others showed only slight changes in the Q- and T-waves and 
RS-T interval. Control patients were studied to determine how slight a change 
in the various waves and intervals of the electrocardiogram might be considered 
significant following exercise similar to that producing the anginal attacks. Control 
cases included (1) patients ■with tj’pical history of angina pectoris, but in which 
•we failed to precipitate anginal pain on exercise, (2) patients exhibiting heart 
disease other than that involving the coronarj' arteries, and (3) patients ■with ap- 
parently no organic heart disease. A study of the electrocardiograms in these 
control cases seemed to indicate that slight changes in the electrocardiogram occur 
^vith exercise even in the absence of angina pectoris. 

Observations on Prognosis in Angina Pectoris. A. M. Wedd, M.D., and R. E. 
Smith, M.D., Clifton Springs, N. Y. 

ABSTRACT 

The paper is based on the records of 165 cases of angina of effort, seen in a clinic 
in which arteriosclerotic heart disease is the predominant type. The influence of 
hypertension, obesity, familial vascular disease, and certain miscellaneous factors 
has been considered. Electrocardiograms were available in most cases but were 
found of no value for prognosis. One-third of these patients died suddenly, and over 
one-half died of coronary occlusion. The duration of life in tliis series was greater 
than is usually anticipated. Wliile prognosis in the individual case must always be 
uncertain, because of the long duration and the late ages of onset and death com- 
pared ■with life expectancy, the anginal syndrome does not stand out as a serious 
complication of arteriosclerotic heart disease. 
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Observations on the Pathology and Pharmacology of Syncope and Sudden Death 
in Coronary Disease. M. H. Nathanson, M.D., Minneapolis, Minn. 

ABSTEA-CT 

An analysis of 142 necropsy records of patients who had had coronary disease 
terminating in sudden death indicated that a structural basis for the sudden death 
is infrequent. The effect of drugs upon the two mechanisms witliin the heart which 
may cause a sudden cessation of circulation, i.e., ventricular fibrillation and ven- 
tricular standstill, was studied in human subjects. The cardiac standstill induced by 
carotid sinus pressure could be prevented by a large number of compounds, all 
related in structure to epinephrine. The preponderance of evidence indicates that 
ventricular fibrillation is usually the underlying mechanism in sudden cardiac death. 
Ventricular rhythms of a prefibrillation type were induced by intravenous injection 
of epinephrine and the effect of various drugs investigated. Quinidine prevented the 
development of these rhythms in ten subjects. The action of ergotamine, potassium 
salts, sodium amytal and acetyl-B methylcholin was studied in a smaller group of 
cases. By utilizing the carotid sinus reflex, quinidine was found to possess a vago- 
paretic action and thus would also have a tendency to prevent vagal inhibition of the 
heart. 

Treatment of Various Forms of Arteriosclerotic Heart Disease by Means of Total 
Ablation of the Normal Thyroid Gland. David Davis, M.D., A. A. Weinstein, 
M.D., J. E. F. Biseman, M.D., and H. L. Blumgart, M.D., Boston, Mass. To be 
published in a later issue of the American Heart Journal. 

TheophylUn in the Treatment of Arteriosclerotic Heart Disease. Fred M. Smith, 
M.D., W. D. Paul, M.D., Iowa City, and H. W. Bathe, M.D., Waverly, Iowa. 

ABSTBACT 

Theophyllin in the form of theophyllin ethylendiamin has been employed at the 
University Hospital for the past seven years in the treatment of arteriosclerotic 
heart disease. Tliis medication was often continued after the patient was discharged 
from the hospital, and in certain instances it was taken over a period of several 
weeks or months. Frequently these patients reported that they were progressing very 
satisfactorily, but soon after the drug w'as discontinued the symptoms returned. This 
study also includes observations on a series of approximately 100 patients who were 
not hospitalized. In the majority of these, theophyllin was the only cardiac drug 
employed. This series consisted of patients presenting varying degrees of dyspnea 
including the paroxysmal type (some with extensive edema), angina of effort, and 
coronary occlusion. Our observations have convinced us that theophyllin is a valuable 
remedy in the treatment of arteriosclerotic heart disease. 

Tolerance to Digitalis in Patients With Normal Hearts and in Those With Arterio- 
sclerotic Heart Disease. Thomas M. McMillan, M.D., Samuel Bellet, M.D., and 
William E. Eobertson, M.D., Philadelphia, Pa. To be publislied in a later issue 
of the American Heart Journal. 

(Papers read by title) 

The Chemistry and Morphology of Normal and Atheromatous Aortas. Pearl M 
Zeek, M.D., Cincinnati, Ohio. 

ABSTBACT 

Over 20 sections on nonsypliilitic aortas, ranging from the normal to markedly 
sclerotic ones, have been analyzed quantitatively for lipoids, a small portion of each 
also being sectioned for microscopic study, and lantern slides prepared. The lipoid 
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percentages include those for total cholesterol, free cholesterol, cholesterol esters, 
fatty acids, and lecithin, the methods used being essentially those of Dr. Bloor of 
Eochester, N. Y. Graphs are being drawn to show the relationship between the 
degree of atheroma and the percentages of the various lipoid substances. 

Arteriolar Lesions of Skeletal Muscle in Hypertension. E. W. Scott, M.D., David 
P. Seecof, M.D., and A. A. Hill, hl.D., Cleveland, Ohio. See page 3oa. 

How Often Is Arteriosclerotic Heart Disease an Isolated Arteriosclerotic Mani- 
festation? Edward "W. Hollingsworth, ]\[.D., and W. L. McNamara, M.D., 
Hines, 111. 

ABSTEACT 

The diagnosis of arteriosclerotic heart disease was considered established when 
there were the usual findings of myocardial disease and when sj-philis, rheumatic 
fever, hypertension and sepsis could be ruled out. Slides of the various tissues were 
examined and changes noted in the thickness of the walls of the arteries, which were 
divided roughly into large and small. The dividing point in our classification was 
about 75 microns. Because of distortion in sections, including collapse and shrinkage, 
the ratio between wall and lumen was not employed. Eoutine formalin fixation was 
employed. In practically every case there was sclerosis in organs other than the 
heart. In the heart itself the large vessels were more frequently and more severely 
affected than the small. Both largo and small kidney vessels were affected in prac- 
tically every case, and about equally; the same applies to the spleen. The vessels 
of the other organs — adrenals, pancreas, brain, and lungs — in the order named, were 
less often and less severely involved. These findings are, in general, in agreement 
with those of other writers, excepting that there was no marked difference between 
frequency or severity of involvement in small and large arteries. 

Observations on the Clinical Course of Arteriosclerotic Auricular Fibrillation. 
Louis P. Bishop, ht.D., and Louis F. Bishop, Jr., ^l.D., New York, N. Y. 

ABSTEACT 

Sixty-eight patients with arteriosclerotic auricular fibrillation who had been 
followed in practice for a number of years were studied. Paroxj-smal and chronic 
fibrillation are separately considered. A subdivision is made into arteriosclerosis 
until and without hypertension. Age, sex, symptomatology, and mode of treatment 
with particular regard to digitalis and exercise, are reviewed. The clinical course of 
these patients is analyzed as to their physical actimty, occurrence of embolism, onset 
of congestive failure, and duration of life. 

The Value of the Electrocardiogram in Interpreting Coronary Disease. Louis N. 
Katz, M.D., Anne Bohning, iLD., Chicago, 111., and Harry Landt, M.D., Cin- 
cinnati, Ohio. 

ABSTEACT 

In only five of more than 100 cases diagnosed clinically as advanced coronary 
sclerosis were the four leads found to be normal, but never, as yet, after a recent 
coronary occlusion (more than 50 cases). In some of these latter the characteristic 
changes appeared only in Lead W. The use of frequent serial four-lead records 
has been of assistance in differentiating between anginal attacks and myocardial 
infarction, and in determining whether the coronary sclerotic process is rapidly pro- 
gressive or relativelj' stationary. Exercise was found to produce changes in the 
four leads in proportion to the degree of impairment of the coronary circulation. 



SOCIETY TRANSACTIONS 


395 


An analysis of tlie standard three leads of our records of recent coronary occlusion 
shows that mixed T types often occur and occasionally the changes in Lead I and 
Lead III are in the same direction. These types fall into: (1) the indeterminate, 
(2) Tn and (3) Tp types. Positive coronary T-w'aves may be the dominant alteration 
on occasion instead of the negative coronary T-wave. In a small series of cases 
(seven) checked by autopsy, Lead IV was useful in differentiating anterior from 
posterior infarcts, even when the ordinary leads were misleading or not characteristic. 

The Effect of Theophyllin Ethylendiamin on Experimentally Induced Cardiac In- 
farction in the Dog. W. M. Ponder, M.D., H. M. HuTenritz, M.D., and Pred 

M. Smith, M.D., Iowa City, Iowa. 

ABSTRACT 

In perfusion experiments on the isolated heart of the rabbit theophyllin ethylen- 
diamin produced a far greater and more consistent increase in the rate of coronary 
flow than did any of the various drugs tested. This drug was put to a more decisive 
test by observing its effect on the infarct produced by the ligation of a coronary 
artery in the dog. Observations were made during the initial stage of the infarction 
and after an interval of three weeks. In the first series of experiments a coronary 
vessel was ligated, and after the appearance of the distal area of cyanosis the drug 
was administered intravenously. This was follow'ed by a decided reduction in the 
extent and degree of cyanosis, and in certain instances resulted in almost complete 
restoration of the original color. The drug was then given at daily intervals to a 
series of animals after the ligation of a coronary artery. These animals were 
sacrificed after an interval of three weeks, which, in view of the findings, allowed 
ample time for the restoration of the circulation to the area of infarction. This 
area was greatly diminished in these animals as compared to that in the control 
series which did not receive medication and in which a corresponding vessel vras 
ligated at the same level. These results indicate that theophyllin ethylendiamin 
nromoies the development of an extensive collateral circulation. 

Discussion 

Discussion of the papers on “Pathology of Coronary Sclerosis’ and “Coronary 
Spasm as a Possible Pactor in Producing Sudden Death’’ by Dr, Leary. 

Dr. James B. Herrick, Chicago, 111. — We are to be congratulated on having the 
opportunity of listening to these stimulating papers. Tlie one pathological condition 
which is commonly found in coronary thrombosis is sclerosis of the coronary artery. 
Dr. Leary is trying to tell us what is the cause of this sclerosis and what is its 
nature. Possibly he can some day tell us how we may prevent it. 

His work has at least an indirect bearing on the question of the frequency, or the 
possible increased frequency, of coronary thrombosis. The question is asked many 
times, “Is this disease increasing in frequency?” We know that, because more 
people are living to the coronary age, more cases are seen than formerly. Personally 
I believe that the special reason why the disease is increasing in frequency, or 
seems to be, is because it is today recognized by the clinician and by the pathologist. 
A few years ago it was overlooked by both. At any rate in looking over the 
literature one finds as far back as the time of Jenner and Parry that numerous cases 
of coronarj- thrombosis arc down in the records as angina. Just the other day Dr. 
Lerw and his coworkers showed that since the disease was recognized clinically, 
statistics reveal a sharp increase in the number of cases reported by the clinician 
and the pathologist. 

I hope that Dr. Leary, later perhaps, can tell us what is the real cause of 
thrombosis, and its relation to the seeming increase in the disease. Statistics from 
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Germany and from other countries are by no means convincing that thrombosis has 
increased enormously. Some of the German writers are correct when they say that 
we must have better and more uniform standards of comparison than we have to- 
day with longer periods of observation before we can say to what extent thrombosis 
has increased. 

One other point, and that is with regard to the sudden onset of coronary throm- 
bosis. I am not referring to the cases of so-called gradual or chronic obstruction. 
Clinicians have been led to consider coronary thrombosis as nearly always a very 
acute incident. The explanation that Dr. Leary gives, the rupture of an atheromatous 
abscess, helps to explain wliy many cases are acute. But clinicians — perhaps the 
pathologists can explain why — certainly see some cases that they call acute where 
not for minutes, but for many hours, there are prodromal sj'mptoms preceding the 
major outbreak. If an atheromatous abscess ruptures into the coronary, as I under- 
stand Dr. Leary, this really makes a plug at the point of narrowing. Is that always 
associated with an acute clinical manifestation? Are there cases in wliicli the debris 
spills out into the lumen more graduallj'^? Is this debris at times so thin, so fine, 
that it may be distributed distally, causing thus, as it lodges in the finer twigs, a 
disseminated thrombosis with patchy fibrosis as an ultimate result? 

Dr. Leary referred to a fact about which I was going to speak, that there are 
cases in which a break in the wall of the vessel is followed by the entrance of 
blood into the wall of the vessel, really a dissecting aneurysm. My attention was 
first called to this occurrence by Dr. Gideon Wells of Chicago who said that he had 
noticed it in several cases. Dr. Moody of San Francisco showed me specimens 
that illustrated it. I recall also that Hyman and Parsonnet described a case. Is 
such dissecting aneurysm frequent? 

This work is of such fundamental importance and has so many possible far- 
reaching bearings that it should be continued by Dr. Leary and confirmed by other 
investigators before being accepted in all its details. 

Dr. Emanuel Lxbman, New York, N. Y. — I am not at all sure that rupture of 
atheromatous pockets will always lead to thrombosis, because one may encounter very 
extensive superficial areas of atheroma without any thrombosis supervening. I have 
drawn attention to the probability that there is an indhddual tendency to thrombosis 
(thrombophilia), and Dr. Herrick has just referred to the same subject. Thrombosis 
may occur in a vessel that is not much altered. On the other hand, extensive 
atheroma may occur throughout the aorta, without a trace of thrombosis. In another 
case of the same kind, there may be a thrombotic deposit in practically all the 
lesions. We know that atheromatous material may be discharged into the circulation, 
and occasionally one comes upon embolic lesions (skin) due to it. 

While I believe that spasm occurs in the coronary arteries, it is difficult to secure 
post-mortem proof. It is possible that with careful studies, evidence may be ob- 
tained. I say tliis from an analogous finding. Many years ago, in a case of lead 
intoxication — fatal, due to intestinal obstruction — I found the last 18 inches of the 
ileum tightly contracted, although the examination was not made until several hours 
after death. 

I would like to come back to Dr. Leary's main thesis, namely, the diathetic and 
metabolic aspects of coronary artery disease. For example, there is in some in- 
dividuals a tendency to lay do^vn connective tissue. This subject will now be 
more widely discussed because of the recent remarkable studies of Doljanski. In 
the course of studies in tissue culture, he was able to develop fibrillar tissue in 
plasma, with the aid of cellular^ products and in the absence of the cells themselves. 

Furthermore, there is an individual tendency toward calcification. With regard 
to the subject of cholesterolemia and cholesterol deposition, I believe that a hepatic 
disturbance is primary. For some time I have held the opinion that in the con- 
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ditions which are commonly caUed “gouty" the disorder is largely connected with 
a disturbance in lipoid metabolism. 

I should like finally to say a word in connection with the increasing frequency 
of coronary thrombosis. I believe that you v,-ill all agree that we now see fewer 
people in the street than formerly, who show the results of a cerebral thrombosis. 
It is possible that a number of those who formerly died of cerebral thrombosis at 
a late age, now die of coronary tlirombosis earlier in life. 

Dr. B. W. Scott, Cleveland, Oliio. — I should like to bring up for consideration 
here the younger group of patients that Dr. Leary mentioned whose coronary disease 
was characterized by fibrosis. I have been interested in such cases because of the 
obscure picture from an etiological standpoint which they present clinically. The 
ordinary signs and sjnnptoms which aid us in establishing an etiological diagnosis are 
often absent. The patient runs a progressive do^vnlull course, often extending 
over a period of several months. Advanced congestive failure is usually present 
at the time of death, and, as a rule, the diagnosis of coronary disease and myocardial 
fibrosis can be made only by exclusion. 

I wonder whether Dr. Leary has any ideas as to the capricious distribution of the 
arteriosclerotic process in the aorta and the coronary arteries. Why is it, for 
example, that individuals who live seventy years or more have at autopsy no disease 
in the first two inches of the aorta? Wliy is it that the arteriosclerotic process may 
be sharply localized in a small area of the coronary artery and the remainder of 
the vessel show little or no involvement? 

Dr. Edward B. Erumhhaar, Pliiladelphia, Pa. — While of course agreeing with 
Dr. Herrick as to the interest and stimulus attached to this point of view and to the 
evidence presented, I want to insert a word of caution, which doubtless Dr. Leary 
would agree with, that we should not on this account remove milk and eggs from the 
dietary! In the first place, results of metabolic studies on herbivorous animals such 
as rabbits must be transferred to man with great caution. Also there would have 
to be a correlation demonstrated between a high cholesterol intake and these lesions 
or at least some objective evidence of disordered cholesterol metabolism. 

Dr. Walter W. Hamburger, Chicago, 111. — I should like to ask Dr. Leary whether 
at autopsy he found similar changes in other vessels throughout the body. For 
example, in the renal arterj' or in vessels of the stomach and the spleen, whether 
changes in young and old individuals occurred in these vessels similar to changes in 
the coronaries. 

Dr. J. P. Anderson, Cleveland, Ohio.' — I should bke to ask one question about the 
lipoid cells — ^Do they represent a fixed or wandering type of cell, i.e., are they 
endothelial cells engorged with lipoid material, or do they represent a fixed con- 
nective tissue type of cell in the arterial wall that imbibes the lipoid? 

Dr. Harold E. B. Pardee, New York, N. Y.— I wish to ask Dr. Leary whether it is 
not difficult to distinguish between the grooving of the wall which he believes due 
to spasm, and such grooving as might result if the inner layers of the arterial wall 
were swollen and increased in volume, so that the circumference of the inner layers 
would be greater than the circumference of the outer lajmrs. 

Dr. Timothy Learp.— With reference to the frequency of acute thrombotic processes 
in coronary arteries it should be kept in mind that the material I have to deal with 
is derived from sudden deaths, occurring usually with little or no warning, and witli- 
out medical attendance. My statistics show a definite increase in the numbers of 
this type of case. I am satisfied that the hard winter we went through had an in- 
fluence in bringing to a termination many cases of coronary disease. I have certified 
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as many as six deaths oi coronary type in one day this sjiriiiK. The only symptom 
in most cases liad been indigestion, which is more significant than angina in relation 
to sudden death. The character of the lesions found leaves no doubt as to the acute- 
ness of the thrombosis. Coronary infarction is exceptional in this .series. 

Dissecting aneurysms of the coronary arc rare in the liter.'iture and in my experi- 
ence. 

We recognize that the contents of an atheromatous abscess of the aorta arc usually 
diffused without symptoms as far as they arc recognizable. The delivery of a mass 
of semisolid raushlike material into a narrowed coronary artery, in my c.xperience, 
tends to clog the artery locally, and is the standard cause of death in older persons. 
That this obstruction of the lumen by the contents of an atheromatous “abscess” 
is not an artefact is indicated by the occurrence of thrombi mixed with the contents 
of the atheromatous pocket in a high percentage of the cases. It is dilTicult to diffuse 
these contents through fluid blood, since they do not mix readily. It is impossible to 
diffuse the contents through clotted blood by any procedure which might be carried 
out post mortem. The influence of spasm in forcing the contents out of the atheroma- 
tous “abscesses” is suggested by the finding of the contents in the lumen and the 
cavity from which they came relatively empty and containing little blood. Itupture 
in the other direction, from the lumen into the “abscess,” is found occasionally. 
The formation of clots on the site of ruptured atheromatous ])Ockets in the aorta de- 
pends upon the area denuded of endothelium. If the “abscess” has ruptured 
through a small opening, no clot is formed. If the rupture includes wide tearing of 
the intima, thrombosis occurs. 

This work should not load to too critical an attitude toward eggs and milk. 
Cholesterol is a necessary part of the diet, and is important particularly in the grow- 
ing period. Tlie problem is basically one of metabolism. All the cholesterol in all 
the arteries in a patient with advanced atherosclerosis would weigh ounces at most. 
When one considers the years required to produce this deposit, the daily increment 
must be small. Perhaps wo shall be able later to find some indicator on which we 
can base an estimation of the ability of the individual to handle cholesterol. 
Measures of the mobilized blood cholesterol will not suffice. 

In none of my cases was there indication of myocardial insutliciency preceding 
the death, other than indigestion or a tired feeling. In only one of the cases was 
there evidence of so-called chronic myocarditis. 

The connective tissue lining the coronary rvliich is thrown into folds is not swollen. 
It is redundant and has a certain rigidity, but the fact that it is thrown into folds 
is evidence of narrowing of the lumen of the vessel, due to muscular tonus or to 
contraction. 

We have no evidence as yet to offer with reference to the degree of atherosclerosis 
in other vessels. 

It is my belief that the lipoid cells arise from the subendothelial connective tissue, 
though others believe them to be monocytes from the blood. 

The work here discussed is presented not as a completed studj', but as a report 
of progress. The Committee on Scientific Eesearch of the American ^Medical Asso- 
ciation has extended to me a further grant in aid for prosecution of added work. I 
shall be grateful for criticism in any or all phases of the subject. 

Discussion of paper on “Coronary Arteriosclerosis, Coronary Thrombosis and 
the Resulting Myocardial Changes” by Drs. Saphir, Priest, Hamburger and Katz. 

Dr. Edward KrimVliaar, Philadelpliia, Pa. — I should like to speak of some 
relevant studies made by Dr. Polanco in our pathological department, where the 
amount of coronary sclerosis wms observed in the various branches and correlated with 
the item of cardiac pain. Two hundred and thirty-six cases were analyzed in which 
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coronary disease was sufficient to be mentioned in. the anatomical diagnosis. Sixty 
per cent of these, in our opinion, were reallj' marked coronary sclerosis, and yet 
there were only thirty-four that showed any evidence of cardiac pain, and only 
ten showed old or recent coronary occlusion. Of these ten, only six had a history of 
cardiac pain. We did think, however, that we saw just what Dr. Saphir has em- 
pliasized, namely, that wdiere there was coronary occlusion, sometimes it was multiple 
and sometimes the size of the infarct was undoubtedly influenced by a neighboring 
marked sclerosis, if not total occlusion. 

We also studied sections from forty-four patients in six different parts of the 
heart and also in different organs of the body. We found that in all tissues ex- 
amined there was some sclerosis, but the amount of sclerosis differed greatly. The 
heart, kidney, and spleen showed the most of any organs; in the others, it was 
almost negligible from the functional point of view. The same sort of thing was 
found in the six different parts of the heart. Tlie descending branch of the left 
coronary was much more sclerosed than the others. Strange to say, the posterior 
descending was much less sclerosed than either of the circumflexes and was sclerosed 
to about the same degree as the two marginal arteries. Such findings merely em- 
phasize again the patchy nature of the arteriosclerotic process and the need, if one is 
going to make an adequate study, of a very careful examination of all parts of the 
heart and the coronary distribution. 

JDr. Emanuel Libman, New York, N. Y. — ^It is very interesting that Dr. Saphir 
and his colleagues found that in all their cases of infarction, two vessels were 
closed. 1 should like to know whether they feel that it is essential for infarction that 
branches of both the left and the right coronary arteries be blocked. According 
to my experience, this does hold true for infarction of the left posterior papillary 
muscle. This structure is supplied by the descending branches of both coronary 
arteries, and infarction occurs only when both are involved. 

As regards the instances of infarction without closure of any large branch, tlie 
explanation lies partly in cumulative closure of small vessels. Apart from this, one 
must consider the question of spasm, and the possibility of toxic edema and toxic 
necrosis. Some years ago I observed a patient, suffering from subacute intestinal 
obstruction due to a carcinoma of the cecum, who developed a loud systolic murmur 
to the left of the sternum, which proved to be due to a perforation of the septum, 
secondary to necrosis. The heart showed a number of areas of necrosis, mthout any 
disease of the vessels to explain them. 

Related to the studies of Dr. Saphir and liis associates are some observations that 
I have made relating to the occurrence of jaundice in cases of coronary artery throm- 
bosis, when not dependent upon another cause. In the cases that I have seen, few 
in number, there was present an old closure on the right side, and a recent one on the 
left. The explanation that has occurred to me is as follows: The closure on the 
right side leads to a disturbance of liver function. ^Yllen occlusion of a large vessel 
on the left side then takes place, the collateral supporting the right side of the 
heart is much cut down, and there results a sudden increase in hepatic insufficiency. 
In organic disease of the tricuspid valve, jaundice not uncommonly supervenes, but 
it takes a long time — many years — for it to come. In these coronary cases it comes 
quickly, and therefore a remarkable opportunity is afforded for a study of acute 
hepatic insufficiency. I should like to know whether Dr. Saphir and his coworkers 
have had any experience with this subject. 

Dr. Hamburger reported a number of j'cars ago a case of jaundice associated 
with coronary thrombosis. I do not know whether a post-mortem examination was 
performed. 

[Dr. Hamburger answered — ^No.] 
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Dr. Otto Saphir. — ^Dr. Priest a little later mil discuss the relation of coronary 
thrombosis to pain as found in our thirty-four patients. I may say now that there 
was no relation at all between coronary thrombosis, severe coronary sclerosis and 
myocardial changes on the one hand to pain on the other hand. 

In none of the hearts was there an infarct as the result of the occlusion of one 
branch of the coronary artery. Necrosis or infarction of the posterior papillary 
muscle was not encountered in tliis aeries. 

The sclerotic process often extended into the smaller branches of the coronary 
artery. The arterioles, however, in none of these instances were diseased. As far 
as our experience goes, I might state that arteriolosclerosis of the coronary artery 
is rare. 

None of the patients mth coronary thrombosis revealed jaundice. 

Discussion of paper on “A Clinical and Pathological Study of Coronary Sclero- 
sis” by Drs. Elliott, Evans, and Nuzum. 

Dr. Eoibert L. Levy, New York, N. Y. — ^Dr. Nu/.um said that there were certain 
cases wliich showed practically no coronary sclerosis. It is veiy difficult to deter- 
mine, on a quantitative basis, just what degree of coronary sclerosis is functionally 
significant. Sometimes, what appear to be minimal lesions may be of great cbnical 
importance. In the presentation which will be given later in the day by Dr. Turner, 
Dr. Bruenn, and myself, tliis fact will be stressed particularly in relation to pain. 

Discussion of paper on “The Relation of Coronary Arteriosclerosis to Auricular 
Fibrillation With Special Reference to the Term ‘Arteriosclerotic Heart Disease’ ” 
by Drs. Brown and Levine. 

Dr. Wallace M, Yater, Washington, D. C. — I was surprised to see that tliis was 
the only paper on the program which had to deal with the arrhythmias relative to 
coronary sclerosis. Some years ago I made a study similar to this verj’ interesting 
one of Drs. Brown and Levine on the pathological changes in cases of auricular 
fibrillation. Of 145 patients who came to necropsy there were only two hearts wliich 
had any great degree of coronary sclerosis, and both of these patients had shown 
hypertension clinically during life. I was forced to the conclusion that coronary 
sclerosis per se was a very rare cause of auricular fibrillation. There are, however, 
some arrhythmias, or better conduction disturbances which are definitely due, quite 
frequently, I believe, to coronary sclerosis. I refer particularly to auriculoventricular 
heart-block and bundle-branch block. 

In a study of the conduction system by serial sections in cases of this kind. 
Cornell and I were struck by three things which I believe are relatively new: first, 
that A-V heart-block is not infrequently due to isolated lesions of the bundle 
branches, secondary to coronary sclerosis either of the large arteries or of the small 
ones; second^ that it is extremely rare to find that only one bundle branch is in- 
volved by fibrotic changes and not the other; third, that the bundle branches may be 
extensively involved without any apparent pathological changes in the myocardium. 
It would seem, therefore, that the conduction system is more susceptible to a diminu- 
tion of vascularity than the myocardium and shows changes sooner. We were unable 
to confirm the newer classification of bundle-branch block because of the great 
paucity of cases which have lesions confined to one bundle branch. This fact has 
been noted also by other workers. 

I tliink the time has come when we need more studies by means of serial sections 
through the conduction system, because I believe we are drawing too many anatomical 
conclusions from electrocardiographic studies. 
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Dr. Lmis F. Bishop, New York, N. T , — I have been much interested in Dr. 
Levine’s paper because we have made a recent study of so-called arteriosclerotic 
auricular fibrillation from the clinical standpoint. Dr. Levine stated that 80 per cent 
of the patients who came to necropsy had had hypertension. We found in our study 
somewhere around 50 per cent had hypertension, but a large number of these were 
women. 

Dr. John J. Finigan, Eoehester, N. Y. — should like to ask Dr. Levine just one 
question. Just what age group did these fifteen patients with fibrillation fall into? 
Did they belong to the older age groups of sixty and seventy years, or to the younger 
age groups? 

Dr. Samuel A. Levine . — ^Naturally we did not analyze the incidence of other types 
of arrhythmia, being concerned entirely with auricular fibrillation. 

I tliink Dr. Yater's point is an important one. Fibrillation in coronary artery 
disease is not common. The arrhytlunias he speaks of are common in acute coronary 
thrombosis. There is a great difference between proper and improper treatment of 
complete heart-block in acute coronary thrombosis. It may mean the difference be- 
tween life and death. It is one of the few complications, I believe, in which the 
physician can function in a very important sense. 

Dr. Bishop spoke about an incidence of 50 per cent of hypertension in his cases. 
I think our figure is a little greater because we included among those having hyper- 
tension those who had normal pressures at the time, but who were known to have 
had previous hypertension or well-marked changes in the retinal arteries, indicating 
a previous hypertension. The females are more hypertensive than the males in all 
cardiovascular diseases, and particularly in coronary artery disease — decidedly so. 

We did not even think about the relation of possible chest injury to these cases. 
Dr. Finegan asked about the age groupings. I do not recall them accurately. We 
have them in our paper. I regret we did not regard it as important enough to 
indicate the exact ages. The fifteen patients with auricular fibrillation without heart 
disease included the five thyroid patients that we overlooked years ago (as I recall 
them, they were middle-aged people), six others with infections such as pneumonia, 
and four who had notliing to account for the fibrillation, who died of entirely unre- 
lated conditions like leucemia or brain tumor. 

Discussion of papers on “The Eelation of Arteriosclerosis to Hypertrophy of 
the Heart” by Dr. Carr; and “Arteriosclerotic Heart Disease: Coronary Throm- 
bosis and Its Effect on the Size of the Heart’ ’ by Drs. Horine and Weiss. 

Dr. Ernst P. Boas, New York, N. Y. — I tliink it is the experience of most of us 
that in accordance with Dr. Weiss’s study, a simple coronary occlusion is rarely 
ever followed by cardiac enlargement. I am under the impression, however, that, 
although a single coronary closure followed by survival for a number of years with- 
out heart failure is not followed by cardiac enlargement, in those patients who have 
multiple episodes of coronary closure, or who have slowly progressive subclinical 
closures with multiple myocardial infarcts, cardiac enlargement does occur. 

I can recall two patients whom I have .observed for a good many years, who had 
never liad hypertension, and in whom cardiac enlargement occurred in the course of 
several years folloiving multiple coronary episodes. It is my impression that the 
cardiac hypertrophj' which always follows signs of cardiac insufficiency is in some 
way related to failure of the heart muscle. 

Dr. Samuel A. Levine, Boston, Mass. — ^I should like to ask Dr. Weiss whether he 
lias any information on the size of the heart temporarily. Is there some temporarv 
dilatation! 
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Dr. IF. iJ. Williams, Riverside, 111. — I should like to ask Dr. Carr two questions. 
Does he find that adequate coronary circulation is essential for the development of 
the hypertrophy? In sclerosis of the coronary arteries, is this a late development in 
an already hypertrophied muscle? 

Dr. James G. Carr . — The idea brought out in Dr. Williams’ question occurred 
to us, but we have found no support for the view that a normal coronary circuit 
is more likely to be associated with cardiac hypertrophy than one with marked 
arteriosclerosis. It does appear that marked coronary sclerosis is frequent in con- 
nection with large hearts, especially in association witli hypertension. 

The most significant result of this studj' is the demonstration of many large hearts 
for which no cause can be assigned. Granting that the hypertrophy in many in- 
stances may have resulted from hypertension which had receded before the final ill- 
ness, we are not justified in thus dismissing the entire group. In the presence of the 
data here presented, one may not deny the possibility that we are habitually over- 
looking causes of cardiac hypertrophy not now included in our categories. 

In conclusion, attention should be directed to a few cases of a different type 
which are equally difficult to explain, namely, a few hearts weighing less than 325 
grams which were associated with systolic blood pressures of 200 and above. 

Dr. Morris M. Weiss.- — 'We did not note at any time temporary dilatation of the 
heart immediately following the acute occlusion. 

Those who state that coronary occlusion can cause cardiac enlargement do not 
mention the size of the heart at tho time of the acute obstruction. 

Clinical and pathological evidence of a preexistent hypertension should always 
be sought in any patient with an unexplained cardiac enlargement. As a result of 
coronary thrombosis a blood pressure previously high may fall to normal clinical 
limits and remain so for the remainder of the patient’s life. 

Our report did not discuss theoretical functional pathologj*. Some claim that 
from a functional point of view slow obliteration of coronary vessels must lead to 
cardiac enlargement.' Prom analogy to vascular disease in other organs, coronary 
disease should theoretically result in atrophy of the heart. 

Discussion of paper on “Arteriosclerotic Heart Disease in Diabetes’’ by Drs. 
Root and Sharkey. 

Dr. Louis N. Katz, Chicago, 111. — ^In some work carried out in collaboration ■ivith 
Drs. Soskin and Sol Strouse, we pointed out that when diabetes and heart disease are 
associated, the cardiac condition cannot be neglected in the therapeutic procedure 
for the diabetes. It was found unwise, in many such cases, to treat the diabetes too 
rigidly since the improvement in the diabetic manifestations was accompanied by a 
subjective and objective deterioration in the cardiovascular status. These patients 
reacted very favorably to a high carbohydrate diet, and it appeared that the blood 
sugar level consistent with well-being in such patients is higher than that which is 
considered desirable in diabetic patients without cardiovascular disease. 

Dr. Samuel A. Levine, Boston, Mass. — There is a very important point involved 
in this topic in the relation between angina pectoris and diabetes. If diabetes is the 
causative factor and has something to do with the development of angina, treating 
diabetes rigidly will be a preventive in the life history of angina patients. I do 
not believe that this relationship has yet been proved. 

It would seem to me that if diabetes were productive of angina pectoris in a causa- 
tive sense, the patient who has diabetes ought to have angina earlier in life and die 
earlier in life than nondiabetic angina patients. Years ago the analysis we made of 
the nondiabetic and the diabetic patients with coronary thrombosis showed that they 
got the disease and died at about the same age. Dr. Root’s figures today 63 
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years for liypertensive and 51 for noniiypertensive — are approximately, the age of 
death from coronary artery disease in nondiahetic individuals. Are we not more 
justified in assuming that both conditions are manifestations of the same inherent 
defect or tendency? For example, if you took freckled children and nonfreckled 
children, you would find that more freckled than nonfreckled children have rheumatic 
heart disease. That is to say, the freckles may indicate a vulnerabilitj'- to the disease. 
If we took two diabetic twins coming from parents with diabetes or A’ascular disease, 
one kept from developing diabetes by treatment and by prohibiting obesity, might 
it not be that we would find both to have coronary artery disease at the age of 
forty-eight or fifty-three years, the one a well-treated diabetic who had been pre- 
vented from becoming obese, the other definitely obese? Our figures on angina and 
obesity show the same thing; that obesity does not enhance the development of 
angina. May not obesity and diabetes be mere homologs indicating the same type 
of \Tilner ability? 

Dr. Wallace M. Yater, Washington, D. C. — In the same connection as Dr. Levine's 
discussion, I wonder whether Dr. Boot noticed a greater incidence of coronary sclerosis 
among the treated diabetic patients than among the untreated. 

Dr. H. F. Foot . — It is difficult to classify patients according to the degree of 
successful treatment and control of diabetes. A perfectly treated diabetic person is 
rare. Furthermore our standards of proper treatment have changed rapidly in the 
last fifteen years. We think some of our patients are well treated, but we do not 
know what happens to them a large part of the time. Everybody knows that 
diabetes in patients may be severe this year and next year may be mild; the year 
after that be severe again. The duration of the disease is one thing tliat you can 
be pretty definite about, and whether the patients are young or old, the duration is 
an important thing. 

Modern treatment is better than the old treatment. I am sure more judicious use 
of insulin gives better results than in the past, and we are seeing fewer calcified 
arteries in the legs of children. Autopsy findings shed some light oh the question of 
wlietlier the vascular lesions are due to an inherited tendency or are secondary to 
the diabetes. Shields Warren examined a series of nearly 300 nondiabetic persons, 
and found as much arteriosclerosis in the pancreatic vessels as in the diabetic 
persons. Second, he examined nearly 300 diabetic individuals and found only 27 per 
cent had arteriosclerosis in the pancreatic vessels. 

Dr. M. H. Nathanson, Minneapolis, Minn. — Several years ago I made a similar 
study on one hundred autopsied diabetic persons. I compared the incidence of 
coronary disease with a group of 250 nondiabetic persons. Fifty-two per cent of the 
diabetic patients above the age of fift 3 ’’ years showed extensive coronary disease as 
compared with an incidence in the same decades of 8 per cent for the nondiabetic 
group. Thus, the incidence of extensive coronarj- disease was six and one-half times 
greater in diabetic than in nondiabetic persons. 

In the nondiabetic individuals the preponderance of males over females showing 
coronarj- disease was 3 to 1. In the diabetic series the ratio was 1.8 to 1. This 
indicates that the comparative immunity of the female to coronary disease is dis- 
tincth' lessened when diabetes is present. 

The mode of death was also studied. About one-half of the diabetic patients 
showing severe coronarj- disease died a cardiac death. Of these two-thirds died of 
conge.stive lioarf failure and in one-third the death was anginal in tj-pe. 

The age incidence of diabetes is important. We know that 10 per cent of all the 
cases begin in childhood without arteriosclerosis. Forty per cent of them begin be- 
fore the age of forty years. Diabetes disappears in old age. We now know that the 
peak of incidence in diabetic persons is between fifty and fift 3 '-five j-ears and x)er- 
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haps earlier. Then incidence falls, and at seventy a man is no more likely to develop 
diabetes than he was at twenty. This significant observation of Pincus and White is 
rather against the supposition that arteriosclerosis causes diabetes. 

I am very grateful for the comments of Dr. Nathanson. The great frequency of 
coronary disease seems to me incontrovertible and the emphasis should be upon 
judicious treatment. The fact that e.xtremes of chemical change in blood and tissues 
either in one direction or the other in the diabetic have a bad effect upon coronary 
disease, seems indicative of a metabolic influence. 

Discussion of paper on “Valvular Atherosclerosis” by Drs! McGinn and White. 

Dr. Emanuel Libman, New York, N. Y. — Tliis important subject is now receiving 
some of the attention which it deserves. For a long time. the calcific lesions of the 
heart, whether secondary to an inflammatory process (rheumatic fever, subacute 
bacterial endocarditis, etc.), or not, have been neglected. Because the term “Moncke- 
berg ’s sclerosis ” is so much identified with the Monckeberg calcification of tlie media 
of arteries, I believe it would be advantageous to designate the valvular lesion dis- 
cussed by Drs. McGinn and Wliite, “Monckeberg valvular lesion,” or still better, 
“annular fibrosis or sclerosis,” and if calcification be present, “annular calcifica- 
tion” or “ring calcification.” 

There is a murmur which is often characteristic of calcification of the mitral ring, 
and by means of which one can at times suspect its presence, in persons over thirty- 
five to forty years of age. It is a systolic murmur heard best to the left of the 
sternum. . It may be present along the left sternal margin up to the position of the 
pulmonary artery. The first sound is generally audible, merging directly into the 
systolic murmur which is -likely to be rough, often whistling in character, at times 
musical. It is transmitted to the right as much as to the left, and is less loud at 
the apex. It is usually not heard beyond the apex. If there be present a similar 
murmur in the area of the aortic orifice, one must be cautious in venturing an opinion 
because the parasternal murmur may be only a transmitted one. 

This subject is very important, because in rheumatic fever there is often heard 
a murmur in the same position,- especially early in the disease.' It is likely to-be 
somewhat rough in character, not smooth like the early murmur of insufficiency, 
which is loudest at the apex and markedly transmitted to the. left.- Because of my 
experience with the murmur due to ring calcification (and ring sclerosis ?) I have 
for a long time suspected that the murmur heard best in the same location in 
rheumatic fever may be due to valvulitis of the mitral ring (perhaps at times, 
valvulitis of the pulmonary artery). This murmur not infrequently disappears when 
a mitral insufficiency develops, resulting from sclerotic changes at the free border of 
the valve. In cases of rheumatic fever it is important to listen carefully at the left 
border of the sternum, as well as at the apex and base of the heart. 

Sibson knew of this early murmur in rheumatic heart disease, and described it 
with great care. He interpreted it as being due to relative tricuspid insufficiency. 
This explanation cannot be correct, because if it were, the murmur should become 
louder when a real mitral insufficiency develops. Like some other observers, how- 
ever, Sibson himself noted that the murmur often disappears as a mitral insufficiency 
develops. 

Dr. McGinn . — ^It is true, we generally think of Monckeberg 's sclerosis as medial 
sclerosis of the medium-sized peripheral arteries. Monckeberg has also described a 
distinct atheromatous and sclerotic change involving the base of the aortic cusps and 
in this same paper has given a remarkably clear description' of the histology of the 
aortic valve cusps. To retain the name of Monckeberg’s sclerosis of the aortic valve 
for these lesions would direct attention to his valuable observations. A similar process 
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may, however, involve the mitral valve so that the term “'annular sclerosis” may well 
include such lesions of the aortic and the mitral valve under one terminology and 
is probably preferable to Monckeberg’s sclerosis. 

Discussion of paper on “Coronary Arteriosclerosis, Coronary Thrombosis, and 
the Eesulting Myocardial Changes” by Drs. Priest, Hamburger, Katz, and Saphir. 

Dr. Morris M. Weiss, Louisville, Ky. — Some racial and social observations on 
pain in coronary artery disease may be of interest. A history of classical angina 
pectoris is uncommon in the Louisville City Hospital patients with coronary disease, 
whereas it is a frequent complaint in our private cases. It is especially rare in 
negroes, although they have coronary disease with a frequency equal to that in the 
white race. We believe this is due to the lack of intelligence of the average city 
hospital patient, especially the negro, who is unable properly to interpret and de- 
scribe his symptoms. 

Pain lasting a half hour or more or a marked fall in blood pressure are con- 
sidered pathognomonic of a coronary occlusion. This has not always been our experi- 
ence. Attacks of angina pectoris may last up to two hours without subsequent 
clinical e^udence of coronary thrombosis. Also the blood pressure may temporarily 
rise during a coronary occlusion. 

Dr. Walter S. Priest . — I am glad Dr. Weiss emphasized the points that he did. 
From the results of tliis study, I know some of us have become reluctant to make a 
positive diagnosis of coronary thrombosis or myocardial infarction in any given 
case. 

Dr. Weiss emphasized the pain feature and the blood pressure feature. Again 
referring to the patient whose slide I showed; when one can see a patient have an 
attack of pain lasting as long as four hours and associated nuth the other character- 
istic clinical symptoms and yet not have a coronary thrombosis or myocardial 
infarction, it makes one wonder whether many of these attacks which we have 
diagnosed clinically as undoubted coronary thrombosis should have been so 
diagnosed. 

Discussion of papers on “Significance of the Coronary Circulation in Arterio- 
sclerotic Heart Disease” by Drs. Smith, Paul, and Rathe; and “Mechanism of 
Pain Production in Angina Pectoris” by Dr. Katz. 

Dr. Joseph B. Wolff e, Philadelphia, Pa. — The paper presented by Dr. Katz and 
the one by Dr. Smith are extremely important from a clinical point of view. They 
tried to show that one must keep in mind other factors, not only coronary disease as 
the causative factor in precipitating the painful syndrome of angina pectoris. 

Dr. Katz presented experimental evidence to support the theory that angina 
pectoris may be of neurogenic origin. It has been shomi that many nociceptors 
like an abnormallj' functioning thyroid, gallbladder, psychic and metabolic disturb- 
ance may be responsible for the syndrome of angina pectoris. 

I have already called attention to the possibility not only that angina pectoris is 
frequently of neurogenic origin, but that coronary T-waves may be caused by 
neurogenic disturbances. I have shown that pancreatic extract apparently due to 
its lecithinogenic property and its influence upon muscle metabolites, tends to re- 
lieve angina pectoris and intermittent claudication. 

This points to tlic possibility that metabolic, particularly lecithinogenic, dysfunc- 
tion, may be another factor in the causation of angina pectoris. Dr. Smith presses 
coronary disease as an etiological factor in angina pectoris, and Dr. Katz calls 
attention to the possible neurogenic elements in angina pectoris. We therefore 
should still keep an open mind as to the many possible causes of this sj-mptom 
complex. ^ 
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Dr. Walter W. Daniburger, Chicago, 111. — I should like to ask Dr, Smith this ques- 
tion: Was the paroxysmal dyspnea usually nocturnal in origin, and if so does 
not Dr. Smith feel that paroxysmal dyspnea is usually a sign of left heart failure, 
as Paul "White and others have declared? And if he docs feel that paroxj'smal 
dyspnea is a sign of left heart failure, does he believe that such attacks always 
mean occlusive changes in the coronaries, particularly in the left side of the heart? 

Dr. Walter S. Priest, Chicago, 111. — ^In connection with Dr. Smith’s mention of 
the development of angina of effort following coronary occlusion, I might state that 
. in the group I reported this morning 30 per cent of the patients who had angina of 
effort developed the angina of effort following coronary' occlusion or myocardial 
infarction. 

Dr. Andrews. — Some time ago I had the opportunity' to observe a patient who had 
a phlebitis migrans in which at one time or another most of the vessels throughout 
the body were thrombosed. At one period in her course, she had some precordial 
distress, and the electrocardiogram became abnormal. It was my' impression at that 
time that she had thrombosis of some of the coronary' veins. The significance of it 
did not impress me at that time, but I have wondered many times since whether that 
did not involve a disturbance in the carrying away' of the various waste products 
and gave close to an anginal symdrome. 

Dr. Katz’s observation here in regard to the compression of the coronary arteries 
and veins has been very interesting to me. 

Dr. Harold B. B. Pardee, New York, N. Y. — I, too, have seen a case very' similar 
to the one just mentioned in which phlebitis migrans was followed by' a typical 
clinical picture of coronary' occlusion with electrocardiographic changes. It seems 
quite evident that this picture may' result from venous as well as from arterial 
disease. 

I wish also to emphasize one of the things which appeared in Dr. Smith’s paper, 
that is, the great frequency of the syndrome of cardiac insufficiency. The develop- 
ment of this syndrome is a well-recognized result of coronary arteriosclerosis, but 
it happens .that the present fashion of diagnosis and treatment has led us to talk 
very' much more about the anginal syndrome. I noticed that in Dr. Smith’s series 
the cardiac insufficiency' sy'ndrome was the most frequent clinical picture. 

Dr. Oille, Toronto, Ont. — "We also had a patient with phlebitis migrans who 
developed symptoms and electrocardiographic findings of coronary' occlusion. Throm- 
bosis in the coronary sinus was diagnosed and proved at autopsy'. 

I should like to emphasize Dr. Pardee’s last remark and stress the point that 
dyspnea is a common and perhaps a more important manifestation of coronary 
disease than pain. Dr. Pykert and I have recently analy'zed the last ninety cases 
of severe coronary disease that came to autopsy' in the Toronto General Hospital. 
Of these, the largest group was characterized by' dy'spnea and congestive failure. 
In addition, dy'spnea appeared to be a more serious symptom than angina, because, in 
the patients whose first symptom was angina, the duration of life averaged forty 
months. In those patients whose first symptom was dyspnea, the average length of 
life was twenty'-eight months. The duration of life after nocturnal dyspnea com- 
menced was eleven months. These figures, of course, are not averages for all cases 
of coronary' disease, but merely' represent the average length of life of this serious 
group of ninety individuals. 

Dr. Laplace, Philadelphia, Pa. — I should like to call attention to a further 
analogy’ between angina pectoris and experimental muscular ischemia as described 
by Dr. Katz. Dr. Martin Grane and I have performed similar experiments on a 
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series of hospital patients and found that many subjects developed muscular fatigue 
which terminated the exercise before the appearance of severe pain. We concluded 
that an explanation of the absence of pain in many cases of myocardial ischemia 
might be found in the possibility that in such cases fatigue may prevent the cardiac 
muscle from working to the point of pain production. Our experiments were 
originally designed as a quantitative test for sensitivity to the pain of muscular 
ischemia. We found that no abnormal sensitivity of this type could be demon- 
strated in patients with angina pectoris, and we concluded that nervous hj’-persensi- 
tivity is therefore unlikely to be an important factor in determining the occurrence 
or degree of pain resulting from myocardial ischemia. 

Dr. Fred M. Smith, Iowa City, Iowa. — ^Paroxysmal dj'spnea is commonly indicative 
of a left ventricular failure. We wished to emphasize the importance of bearing 
in mind the possibility of coronary occlusion, especially with the first attack and 
particularly in those who lieretofore have been free from cardiac symptoms. The 
paroxysmal dyspnea frequentlj’’ occurs at night, but in several instances of our series 
first appeared during the day following exertion. 

We were impressed w’ith the high incidence of congestive failure as the initial 
manifestation of cardiac disease in our series of cases. It was felt that in certain 
instances the congestive failure followed an unrecognized coronary occlusion. The 
prognosis was in general graver in this group of patients. There was little time to 
speak of electrocardiographic findings, but j'ou may be interested in knowing that 
30 per cent of those beginning with congestive failure had bundle-branch block. The 
incidence of tliis finding was highest in this particular group. 

Dr. Loxiis N. Katz, Chicago. — We found two factors primarily concerned wdth 
the production of pain. The first is ischemia, and the second is the state of the nerve 
apparatus. Our work has led us to conclude that ischemia produces a chemical 
substance, diffusible in character and probably acid in nature, which acts as a 
stimulus for pain production. Our wmrk has shown that the pain produced by oc- 
clusion of the coronary vessels in the dog is due to irritation of the sensory nerve 
fibers and not to occlusion of the artery itself. 

Our experiments further show that these pain fibers are confined to the region of 
the coronary vessels. Pain responses were not obtained when other regions of the 
myocardium were compressed. Woollard has shown that these sensory fibers congre- 
gate around the mouths of the coronary vessels. It is conceivable that the involve- 
ment of these fibers by sypliilis at the root of the aorta might explain the anginal 
attack, without invoking actual occlusion of the moutlis of the coronary vessels. 
Similarly the blind manipulation involved in probing the mouths of the coronary 
arteries, such as carried out by Sutton and Lueth, might easily give rise to pain by 
stimulation of the nerve plexus surrounding the coronary moutlis and not, as they 
assume, by closing off the coronary blood supply. Even sudden death preceded 
by agonal struggle might be due to ventricular fibrillation, the direct or reflex result 
of stimulation of this plexus. 

We have obtained evidence that fatigue is a variable wliich modifies the pain 
response from skeletal muscle. We have found in our work that fatigue is a dis- 
turbing element. The subject, as first pointed out by Laplace, may, on occasion, 
.‘<top contraction because of fatigue and not unbearable pain. In one subject we 
found that, following a short period of bodily e.xercise, the subject was unable 
to contract the muscles after his arm was made ischemic because of fatigue. It may 
ho that the clement of fatigue determines whether signs of congestive failure or 

anginal attacks occur in coronary sclerosis. This concept, however, demands further 
proof. 
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Discussion of Symposiiun on Electrocardiogram Phases of Coronary Arterio- 
sclerosis. 

Dr. Louis N. Katz, Cliicago, 111. — There are a number of things that miglit be 
discussed but the limitation of time will permit me to take up only one or two. The 
concept presented by Hiss and liobb that the contour of the electrocardiographic 
distortion is determined by the bundle of muscle involved is very interesting and 
nlay be the ultimate solution of our inability to locate infarcts accurately witli 
ordinary leads. The result of work done in our laboratory indicates that the 
electrical currents are conducted away primarily by the posterior muscle mass. It 
might well be that the conduction of electric currents may be best along the muscle 
bundles, and so the electrocardiogram will depend on the location of the muscle 
bundles to the posterior muscle mass. 

The plea of Dr. Barnes to utilize the ordinary leads more than we are before 
introducing any other leads cannot pass unchallenged. I think there is today a 
temptation to read into the standard leads significance based on very minor changes 
which might easily be subject to personal interpretation. This tendency makes the 
reading of electrocardiograms a mysterious process to the average physician. From 
a personal experience with an extensive series of electrocardiograms I am convinced 
that the electrocardiogram is very valuable in the interpretation of coronary disease. 
The use of chest leads has been a valuable addition. While I do not advocate the 
use of nine leads for ordinary purposes, I feel, from the experience of Wilson, of 
Wolferth and Wood and at our Heart Station, that many cases of recent coronary 
occlusion would be missed if a fourth (chest) lead were not taken. We feel that 
the position of the anterior electrode is important: the posterior one can be placed 
practically at will. While the ordinarj- three leads have not been very useful in our 
hands in locating infarcts, the fourth lead has so far been infallible in our autopsy 
cases. It would bo a pity to discourage the wide use of a fourth (chest) lead, par- 
ticularly in suspected cases of recent coronary occlusion. 

Dr. Samuel Bellet, Philadelphia, Pa. — ^I should like to mention some of the work 
we have been doing with prccordial leads in conjunction with Drs. Wolferth, Wood 
and McMillan. At the present time we have a total of 104 cases of coronary oc- 
clusion which we have studied by both the indirect and the precordial leads; 22 of 
these cases have been studied at necropsy. In 40 per cent of these cases, we were 
able to make a diagnosis by the prccordial leads, whereas the indirect lead at one 
time or another did not clearly indicate such a diagnosis. In addition to the value 
of the precordial leads in the diagnosis of coronary occlusion, the progression of 
the lesion can be followed better by the direct chest leads than by any other means 
at our disposal. This is true chiefly in cases of anterior occlusion. The state of the 
lesion can be predicted by the configuration of the S-T interval and the T-wav.e in 
the precordial leads. These changes may be present for two to three weeks, sometimes 
for several months, during which time alterations in the T-waves of the indirect leads 
may or may not be observed. 

The precordial leads are also of help in the diagnosis of old anterior infarctions. 
In the indirect leads the T-waves inverted in Lead I following an anterior occlusion 
often become upright in the chronic stage. The electrocardiographic diagnosis of 
such coronary occlusion is impossible from such a tracing as shown in the slide 
presented by the last speaker. However, examination by precordial leads in the 
case of anterior occlusion frequently discloses the presence of an old infarction.. 
Tliis is shown by the absence of the initial downward deflection in Lead IV, with no 
S-T interval deviation. We have had under observation three patients with old 
coronary occlusions showing the signs just mentioned. In two cases, post-mortem 
examinations have confirmed the diagnosis; in the other case, the history of a previous 
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coronary occlusion is quite clear. Many others of our cases followed to the chronic 
stage, showed similar changes. 

The differential diagnosis between the electrocardiographic evidence of acute 
pericarditis and that of coronary occlusion should ordinarily not he difficult. We have 
recently had two such cases. The S-T intervals are elevated in all three leads in 
acute pericarditis, a condition which does not occur in simple coronary occlusion. The 
differentiation from anterior coronary occlusion is aided hy the use of precordial 
leads which show the maintenance of the initial downward deflection, and the S-T 
interval situated helow the isoelectric line. 

Dr. William J. Kerr, San Francisco, Calif. — ^It seems to me that the paper pre- 
sented hy Dr. Hiss is one of the most important we have heard in some time. I 
should like to question Dr. Eohh concerning the penetrating branches of the coronary 
vessels. In our experience the penetrating vessels of the ventricles run perpendicular 
to the superficial branches and supply the muscle clear through to the intima. I 
should like to ask Dr. Hiss whether his studies suggest that the penetrating branches 
supply the entire wall. Does occlusion of the vessel at some point near the base 
cause a selective damage to a certain layer of muscle? If so I cannot understand 
the function of the penetrating vessels unless they give off collateral branches between 
layers. 

Dr. Jane Sands Bohl ). — If I may answer a question in regard to these penetrating 
Ijranches, the superficial muscles obtain their blood supply from certain of the longer 
branches as they run on the surface of the muscle or between the first and the second 
layer. Tliere are other branches which are short and give off no superficial branches, 
but penetrate to the deeper muscles, so that by choosing the branches which one 
ligates, one can get a lesion in a deep muscle without involving the superficial circula- 
tion. 

Dr. A. E. Barnes. — I should like to correct an impression that I am against taking 
direct anteroposterior chest leads. We have taken them on about 2,500 of our 
patients. I do want to stress the fact that we should not lose sight of the old 
tools that have served us in good stead and that we should not be carried away by 
our enthusiasm over the so-called fourth lead. 

Dr. Howard B. Sprague . — I agree with Dr. Barnes and Dr. Katz in relation to 
chest leads. I think that we must use them because of the sort of information that 
I have reported this afternoon. However, we must decide on the simplest, most 
efficient method which is clinically practical. There are many reports of electro- 
cardiographic studies using chest and other leads without autopsy control. Autopsy 
work leads to considerable humiliation, for it is sometimes very disappointing to find 
that the heart at necropsy does not support the finely spun theories and predictions 
of cardiac pathologj'' made upon the basis of electrocardiographic study. 

Discussion of paper on “Observations on Prognosis in Angina Pectoris” by 
Drs. Wedd and Smith. 

Dr. Saimicl A. Levine, Boston, Mass. — ^I have had similar results as to prognosis 
m angina pectoris. This last year we published a review similar to the one that 
Dr. Wodd has given us. We tried to get some clue to predict wldch patient is going 
to die in a week and which is going to live for twenty-five years. A few lived only a 
sliort time after I saw them, but the extreme was twenty-five years. Blood pressure 
level did not help; heart .size, murmurs, electrocardiograms were a complete dis- 
appointment; in fact, we learned something unexpected from them, namely that 
those who had abnormal electrocardiograms had a longer life, a longer duration of 
angina, and a greater age at death than did those with normal curves. 
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There is one point to which I should like to differ, that is the factor of in- 
lieritance. We have, I believe, pretty definite evidence in our group that inheritance 
is important. In fact, the only clue we found is that angina patients who were 
born of long-lived parents lived longer than those born of short-lived parents. 

Incidentally, we have some indirect evidence to show that we inherit the defect 
from our mothers rather than from our fathers; that is, the female is more respon- 
sible for handing down vascular vulnerability, although she suffers from angina a 
good deal less than does the male. 

Discussion of paper on “Treatment of Various Forms of Arteriosclerotic Heart 
Disease by Means of Total Ablation of the Normal Thsrroid G-land” by Drs. Blum- 
gart, Riseman, Davis and Weinstein. 

Dr. James Alexander Lyon, Wasliington, D. C. — I have listened with great interest 
to the paper by Dr. Blumgart and his associates. The total ablation of the thyroid 
gland is a major operation and, as has been stated, may be followed by mj-xedema. 
Dr. Edmund Horgan of Washington, D. C., and I have obtained very beneficial re- 
sults in two cases of angina pectoris by performing a much simpler operation; that 
is, the division and ligation of both superior and both inferior thyroid arteries. As 
far as we know this operation has not previouslj’ been performed in the treatment 
of heart disease. 

In studying a group of 300 patients, five to ten years after thyroidectomy, we 
made an observation which we considered important. We found that in the cases in 
the group which had been considered persistent hyperthyroidism, recurrent hyper- 
thyroidism, and “thyrocardiacs,” the patients were apparently free of sjnnptoms. 
There was no evidence of hyperthyroidism, and no tachycardia or auricular fibrilla- 
tion. These patients had been treated surgically by a method which included the 
division and ligation of both superior thyroid arteries and the ligation of both in- 
ferior thyroid arteries. We concluded from our observation that stopping the effects 
of hyperthyroidism in these patients Avas due to two things: first, the removal of 
the major portion of the thyi’oid gland; second, and chiefly, the division and ligation 
of the superior thyroid arteries and the ligation of the inferior thyroid arteries. This 
latter procedure cut the pathway of nerve stimuli from the sympathetic nervous 
system to the thyroid gland. As the results of the division and ligation of the 
superior and inferior thyroid arteries had been so beneficial in the patients referred 
to above, Ave considered cutting off the major portion of the blood supply and cut- 
ting the nerve patliAvays from the sympathetic nervous system to the thyroid gland 
in cases of angina pectoris and congestive heart failure b}' the division and ligation 
of both superior and both inferior thyroid arteries. AVe had an opportunity to per- 
form this operation in tAVO cases; one a patient Avith angina pectoris who had been 
observed over a period of five years prior to and five and a half months following 
operation; and one a patient Avitli aortic regurgitation and angina pectoris aa’Iio 
had been observed over a period of’ seven months prior to and tAVO months following 
operation. AVe feel that the clinical improvement in these patients has been so re- 
markable that the cases should be mentioned here. 

The diA’ision and ligation of all the A-essels at the superior poles of the thjwoid 
gland and the division and ligation of the inferior thyroid artery markedly reduce 
the blood supply and cut off the sympathetic nerA'e supply to the thyroid gland. 
The effect of cutting down the amount of blood entering the thyroid gland and cut- 
ting off all stimuli from the sympathetic nervous system is to decrease the basal 
metabolic rate, to reduce the circulatory demands, and to lessen the Avork of the 
heart. We have employed an operation much simpler than the total ablation of the 
thyroid gland as done by Drs. Blumgart and Berlin. AVe do not sacrifice a A’ital 
organ such as the thyroid or parathyroids. Myxedema is not produced but the basal 
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metabolic Tate is lowered. By leaving the parathjToi'ds undisturbed we do not cause 
an alteration of the calcium metabolism. 

Dr. Samuel A. Levine, Boston, Mass. — ^^Ye have had about 45 patients operated 
on by total thyroidectomy at the Brigham Hospital in the past year and a half. 
The results are similar to those presented by Dr, Eiseraan. I do not think they 
warrant quite the same degree of enthusiasm, and yet I have no doubt at all in my 
mind but that people who were refractory to the methods of treatment w'e were 
familiar with have been specifically helped by these procedures. 

I tliink that no one should be operated on who can work without it, or who can 
be comfortable without the operation; so that very mild cases should not be selected, 
and those patients who are too sick also should not be selected. There is a group in 
between where choice can be exercised. 

Although this concerns total thyroidectomy, one word might be said about partial 
thyroidectomy. In the case which made this study of thyroidectomy develop the 
patient was a woman who was operated on in 1927, who had a partial thyroidectomy 
done. I followed her for four years, and she had a most unexpected improvement. 
This was reported about two years ago and precipitated the work subsequently done 
on complete thyroidectomy. 

Dr. Blumgart, after the experience of the first two or three eases \ve had very 
properly advised a total removal because a partial removal might be a failure, as 
the remaining gland could regrow. One of those partial cases, however, is about as 
good a result as we have had in our entire series. Tlie first patient with partial 
thyroidectomy of this latter series has been working for about a year and a half. 
He developed mj-xedeina, in spite of the fact that only a partial thyroidectomy was 
performed. He had not been able to work at all before, and he is comparatively 
free from attacks now, 

Dr. Herrmun L. Blumgart . — The que.stion of subtotal thyroidectomy of the nor- 
mal gland for the treatment of lieart disease is a very interesting one and has been 
studied by various investigators in the past. Crile, Eiesman, Boas and Shapiro, 
Dautreband, Bose, and others performed subtotal tliyroidectomies in patients with no 
evidence of thyrotoxicosis evidently in the hope that just as this operation lowers the 
abnormally high rate of thyrotoxicosis to normal, so the normal metabolic rate 
would be reduced to a subnormal level. While this may occur occasionally, there 
is no evidence in the literature that subtotal thyroidectomy can be relied upon to pro- 
duce a permanently subnormal metabolic rate. In the first two cases that engaged 
our interest, only transient relief was obtained by subtotal removal of the normal 
gland, the period of relief paralleling the curve of decline in the basal metabolic 
rate. After some weeks the metabolic rate returned to its preoperative level and the 
patients’ condition relapsed to its previous status. In accord with Halsted’s experi- 
mental work reported in 1907, wo felt that the minute remaining fragments of 
normal thj-roid tissue had undergone sufficient hypertrophy to sustain a normal 
metabolic rate. 

Our earlier work on the circulation, particularly the velocity of blood flow, led us 
to believe that nothing short of a persistent hypothyroid state with its low metabolic 
rate would release the heart from its normal burden. Althougli maximal subtotal 
thjToidectomy was done in our first two cases, we failed in our primary purpose 
to reduce permanently the basal metabolic rate. Even if success might occasionally 
attend subtotal thjToidectomy, it became apparent that nothing but complete re- 
moval of cverj- vestige of thjToid tissue would regularly insure a permanent sub- 
normal metabolic rate and clinical improvement. 

After success attended the first complete ablation of the thjToid (Case 3 of our 
first communication, Blumgart, Levine, Berlin: Arch. Int. Med., June, 1933), a 
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subsequent attempt was made to remove the remaining fragments of tissue in Case 
1, in which there had been a relapse to the preoperative clinical condition. Dense 
adhesions were encountered which made identification of thyroid fragments impos- 
sible. It was felt that any surgical dissection would be extremely dangerous because 
of the difficulty of identification and consequent likelihood of injury to the para- 
thyroid glands or recurrent laryngeal nerves. Heavy dosages of roentgen radiation 
were employed but without effect. 

Our observations (Friedman, H. F., and Blumgart, H. L. : J. A. M. A., Jan. 6, 
1934) led to the conclusion that little could be expected from roentgen radiation as 
a substitute of surgery or an adjunct to subtotal thyroidectomy in the treatment of 
chronic disabling heart disease. In brief, the failure of others and of ourselves to 
benefit patients by subtotal thyroidectomy, our unsuccessful attempt to remove 
residual fragments at a subsequent operation, and the ineffectiveness of roentgen 
irradiation on the remaining tissue emphasize the therapeutic importance of removing 
the entire gland at the time of the first operation. Ample confirmation for tliis con- 
clusion has been obtained by our subsequent experience in some seventy-five cases of 
angina pectoris or congestive failure, in all of wliich the hypothyroid state has per- 
sisted after total ablation of the tlijToid gland, and in practically all the patients 
clinical improvement has occurred. 

At the present time notliing but the complete removal of every vestige of visible 
thyroid tissue by surgical means will regularlj' insure the desired persistent hypo- 
thyroid state with its lowered metabolic rate and consequent clinical improvement. 
Recently, since the inception of our work, some investigators have performed maximal 
subtotal thyroidectomies, but the results have been disappointing, the metabolic rate 
has returned to normal, and the clinical condition has been unimproved. 

Discussion of paper on “Theophyllin in the Treatment of Arteriosclerotic 
Heart Disease,” by Drs. Smith, Paul, and Rathe. 

Dr. Cooksey, Detroit, Mich. — Of interest in connection with Dr. Rathe’s paper 
is an event which occurred in our cardiac clinic at Harper Hospital in Detroit. 
We have been faced ndth rigorous curtailment of the cost of drugs to patients of 
the Out-Patient Department. In treating angina of effort and related disturbances, 
we found it necessary to use something extremely inexpensive. A comparative study 
-was made on a series of cases to determine whether theophjdlin and all the closely 
related substances thereto were, after all, any more effective than some of the less 
expensive substances. The one to which we first, of course, tuimed, was the alkaloid 
of theobromine. As you probably know, it is very inexpensive. 

We found that by the use of theobromine alkaloid, the effects in relieving angina 
pectoris and nocturnal dyspnea seemed just as good as they were in our private pa- 
tients who were receiving metaphyllin and theocin. Also comparative studies were 
made on the same patients by the use of the various drugs with the same results. 
It has been our experience that theocin often produces nausea if given in very 
large amounts, so we do not often use it. Metaphyllin works extremely well. 

Discussion of paper on ‘ ‘Tolerance to Digitalis in Patients With Normal Hearts 
and in Those With Arteriosclerotic Heart Disease,” by Drs. McMillan, Bellet, and 
Robertson. 

Dr. Samuel Bellet, PMladelphia, Pa. — The statement is often made that digitalis 
should be given until beneficial effects are obtained, or until the patient vomits. If 
this procedure is followed, many severe toxic reactions will occur. 

In the normal group, 17 of our 20 patients vomited. They all received massive 
doses of the drug, and in spite of vomiting they showed no serious toxic effects. 
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In none of tliis group were extrasystoles, which we consider as definite evidence of 
toxicity, present even after the large doses administered. The group with slight 
myocardial disease reacted practically like the normal group. In the group mth 
advanced myocardial disease only 9, or 40 per cent, of the patients, vomited. The 
remainder developed severe toxic reactions before vomiting occurred. These re- 
actions, in 12 of tliis group, consisted of psychosis in two cases, severe visual dis- 
turbance in one, marked asthenia in three, and most important, the presence of 
toxic rhytlims (ventricular tachycardia, complete A-V block, auricular tachycardia, 
nodal rhythm and bigeminal rhytlim) in six patients. All these patients belonged 
to the arteriosclerotic group. In many of these patients, the toxic reactions were 
produced at comparatively small doses. We regard this point, namely that toxic 
digitalis manifestations may appear ndthout the patient’s vomiting, as extremely 
important. If this is kept in mind, many toxic reactions may be avoided. 

In addition to the evudence which has been presented that a diminished tolerance 
to digitalis exists in patients with advanced heart disease, we should like to mention 
some evidence from the experimental standpoint. We took a series of normal 
dogs and standardized them with digitalis. We then produced cardiac damage in 
a series of these animals by tjdng the coronary arteries. These animals were 
standardized during the stage of acute, subacute, or chronic infarction. We found 
definitely diminished tolerance during the stages of subacute infarction, during 
which the infarcted area is at its maximum. 

In conclusion, there are two points especially which we should like to make. 
First, patients with advanced myocardial disease exliibit a diminished tolerance to 
the digitalis as compared with a normal group. This diminished tolerance is, ap- 
parently, especially pronounced in the arteriosclerotic group. Second, toxic rhythms 
and other evidences of digitalis toxicity may be present without the patient’s 
vomiting. ' 
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Gordon, Wayne, and Adams, Wright: Estimation of Cardiac Transverse Diameter 

in Children and Comparison With Cardiac Area. Am. J. M. Sc. 188: 491, 19,14. 

The relations of cardiac area and cardiac transverse diameter as measured by 
the roentgen ray, to sitting height, height, weight and age have been studied in 
a group of normal children. Both measures correlate better in children with 
weight than with height or age. 

An equation is presented for the prediction of normal transverse diameter, and 
a comparison is made with cardiac area prediction formulas previously published 
from the same material. 

Cardiac area in normal children can be predicted with greater accuracy than 
transverse diameter by any of the measures used. The advantage of cardiac 
area over transverse diameter as a measure of normal heart size appears to be 
greater in children than in adults. 

Eoesler, H.: Interatrial Septal Defect. Arch. Int. Med. 54: 339, 1934. 

A case is reported which illustrates the clinical and anatomic peculiarities of 
interatrial septal delects. Sixty-two cases have been reviewed. All of the cases 
of small defects or complete absence of the interatrial septum and combinations 
with patency of the ductus arteriosus, pulmonary stenosis, interventricular septal 
defect, and a high grade of coarctation of the aorta have been excluded. 

In at least three-fourths of all the eases, valvular lesions were found which af- 
fected predominantly the mitral orifice. Subacute bacterial endocarditis did not 
occur; chronic pericardial disease, crossed embolism and tuberculosis of the lungs 
occurred rarely. 

Almost all of these hearts were large; thej’' were often of enormous size, even 
in the absence of a valvular lesion. This was entirely, or almost entirely, due to 
a right-sided enlargement, dilatation exceeding hypertrophy in a disproportionate 
degree. The left side iinderwent relatively little change from narrowness to a 
moderate increase in size. The average heart weight for nineteen patients above 
the age of fourteen years was 574 gm., and in nine cases of complete or almost 
complete absence of valvular lesions it was 469 gm. There was some evidence 
that the size of the heart was influenced by the size of the interatrial defect. 
The pulmonary artery was always larger than the aorta, the average ratio being 
3:2. Expressed in absolute figures, the pulmonary artery was large or very large, 
but rarely normal in size. The aorta was usually below the normal figures, often 
being very small and thin walled. The branches of the pulmonary artery were 
often dilated, the artery as well as its branches being the seat of atherosclerotic 
processes. As seen in situ, the right -side of the heart formed the entire front 
wall; the pulmonary conus extended far to the left and upward, and the aorta 
was placed between the pulmonary artery and the superior vena cava. 

This cardiovascular malformation can be best conceived in its entity by assum- 
ing that there was added to the congenital arrest of development an acquired 
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hydraulic disturbance, a shunt from left to right, as a result of whicli the right 
side of the heart and the lesser circulation handled an increased amount of 
blood and the left side of the heart and the greater circulation a decreased 
amount of blood. The indirect evidences for this theory 'were given. 

The average age was thirtj^-six years; the prognosis as to duration of life was 
about equal with that in coarctation of the aorta, less than that in the interven- 
tricular septal defect and better than that in patency of the ductus arteriosus and 
pulmonary stenosis, llepcatcd pregnancies, anesthesia, and capacity for physical 
work were well supported in a number of cases; in others, however, chronic in- 
validism was present. The common combination with chronic valvular lesions 
did not aggravate the prognosis... There was prevalence of the female over the 
male sex in the proirortion of 3:2, similar to the ratio in patency of the ductus 
arteriosus. 

The clinical course was that of ordinary cardiac failure, lasting for shorter 
or longer, periods, even when all the cases with valvular complications were 
omitted. Clubbing was sometimes present. Cyanosis was more often present 
than not, but the combination with lesions of the mitral and tricuspid valves is 
to be remembered. Pallor, a small radial pulse, and a tendency to a lower blood 
pressure were rather common. These findings may be understood as an expression 
of actual arterial underdevelopment and/or a decreased output of blood into the 
greater circulation. Other clinical findings were an expression of the enormous 
light-sided enlargement of the heart. These were: the precordial bulge; certain 
features of the apical thrust (circumscribed and resistant, indefinite and systolic 
retraction); systolic propulsions and depres.sions of smaller or larger parts of 
the thoracic wall (important for differential diagnosis from chronic pericardial 
(lisoaso); the occurrence of a systolic or prcsystblic pulse in the veins and liver, 
which was influenced by venous fullness, the presence of sinus rhythm or auricular 
fibrillation; and the occurrence of regurgitation of the tricuspid and mitral valves. 
Auricular fibrillation was common; in this the interatrial septal defect dis- 
tinguished itself entirely from all other congenital cardiovascular malformations 
in which auricular fibrillation was of the greatest rarity. The same cause ob- 
viously was responsible for auricular fibrillation and chronic valvular deformity, 
cspeciallj^ of the mitral orifice. The common occurrence of an accentuation of the 
pulmonic second sound was mainly an expression of a concomitant lesion of the 
mitral valve. In the absence of this lesion accentuation was sometimes present. 
Jturmurs were at times absent. When prc.scnt, however, they were more com- 
monly due to the combination of valvular lesions. In the absence of Icsion.s, 
there was still dilatation of the pulmonary artery to be considered with or with- 
out changes in the wall and relative insufficiency of the orifice as the cause of 
murmurs which were probablj' thought to be characteristic of the defect. If a 
characteristic murmur of this sort existed, it was midstornal systolic, probably 
partly diastolic and not accompanied by a thrill. 

The roentgenologic findings were those of a large lieart varying in shape from 
oval to globular and extending, as a rule, toward the left. The pulmonary conus 
.and artery projected far to the left and upward and foru-ard. The branches of 
the pulmonary artery (the “liili”) at times shoM’cd increased pulsations and were 
sharply defined and enlarged. Lack of knowledge of the roentgenologic picture 
led to the erroneous (liagno.sis of mediastinal tumor or tuberculosis. The aortic 
knob was small— -at times invisible. Other conditions which caused pulmonary 
dilatation and narrowness or absence of the aortic knob were given. 

The interesting finding from the electrocardiographic study was the presence, 
.1? a rule, of only a moderate degree of axis deviation to the right. Enormou.s 
< ilatation of the right side of the heart with comparatively moderate hypertrophy 
t Id not cause a high degree of right axis deviation in the electrocardiogram, 
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Weiss, Soma, and Ferris, Eugene B., Jr.: Adams-Stokes Syndrome With Transient 
^® 3 it-Block of Vagovagal Reflex Origin. Arch. Int. Med. 54 ; 931 , 

This study centers around observations on a patient who for ten years suf- 
fered from attacks of fainting precipitated usually by the swallowing of food. 
The patient had a traction diverticulum of the esophagus, distention of which 
with the aid of a rubber balloon promptly induced auriculoventricular dissociation 
of the heart and syncope. The release of pressure in the balloon was associated 
with a prompt return of normal sinus rhythm and the disappearance of symptoms. 
The AdamS'Stokes attack in this case was induced by heart-block precipitated 
by a vagovagal reflex. The source of the reflex was irritation of the sensory 
endings of the vagi by the diverticulum. 

Various studies on blood flow and the effects of drugs on the attacks of heart- 
block are reported. The relative role of organic cardiac lesions and of neurogenic 
factors in the precipitation of Adams-Stokes attacks with heart-block is discussed 
and the simultaneous presence of multiple etiologic factors is stressed. 

Weiss, Harry: Relation of Portals of Entry to Subacute Bacterial Endocarditis. 

Arch. Int. Med. 54: 710, 1934. 

Results of a study of 364 cases of subacute bacterial endocarditis suggest that 
the common portal of entry of the streptococcus is from foci of infection in the 
passages of the upper respiratory tract and the mouth. Other portals of entry 
are the genitourinary tract, otitic infections, and wound infections. There is no 
evidence of the gastrointestinal tract as the portal of entry in any of the cases. 
The onset with an acute infection of the upper respiratory tract or tonsillitis in 
many cases led to the conclusion that in these apparently benign infections a 
transient bacteremia may occur. The frequency of antecedent cardiac disease, 
usually rheumatic but sometimes atherosclerotic or syphilitic, or some congenital 
lesion, indicated that the streptococcus probably requires a previously diseased 
or abnormal endocardium on which to implant itself. 

Ten cases of subacute bacterial endocarditis are reported in which a history 
of tonsillectomy or extraction of a tooth closely antedated the onset of symptoms, 
indicating that trauma of an infective focus about the teeth and pharynx may 
produce transient bacteremia and thus play a part in promoting implantation on 
the endocardium. 

Hamman, Louis: Sudden Death. Bull. Johns Hopkins Hosp. 55: 387, 1934. 

Among the many causes of this phenomenon the author believes three arc 
the most important. These are: sudden stopping of the heart, hemorrhage, and 
arterial embolism and thrombosis. Death due primarily to cardiac standstill 
occurs under two different circumstances: first, when the heart after a prolonged 
struggle against overwhelming difficulties finally plays out; second, when the 
heart while satisfactorily performing its work suddenly stops. Death due to the 
first cause can hardly be called sudden, since the overwhelming difficulties usunllj 
have been present .sufficiently long to give warning of the impending end. ^ 

The author describes the second cause of sudden stopping of the heart as being 
due probably to ventricular fibrillation. He believes this condition occurs more 
frequently than is generally recognized and that many unexplained sudden eat . 
are due to this disturbance of mechanism. This probably is particularly true 1 ^ 
those cases in which very little anatomical change can be found in t le c - 
muscle at autopsy. Often only slight changes are found in the myocardium, sma 
areas or scarring of a small infarct, and yet, these apparently trivial esions 

perhaps be enough to inaugurate the fatal rhythm. .lonth 

Considerable space is given to the diagnosis of the causes of su cn 
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A'ariations in the external temperature did not aftect exercise tolerance in six 
patients with angina of effort. Two typos of angina of effort exist; in both, 
exercise tolerance is constant if sufficient rest is allowed between the end of one 
attack and the start of the next test. In one type, as this period of rest is re- 
duced, exercise tolerance gradually diminishes; in the other, there is a phase which 
may be as long as an hour, during which exercise tolerance is increased. Dimin- 
ishing the rate of c.xercise had no effect in two patients, and in four gave a 
moderate increase in the total amount of exercise performed. 

A case is described in which the symptoms resembled those previously de- 
scribed under the term "angina .sine dolorc. " Investigation .showed that the 
attacks were due to paroxysmal ventricular action brought on only by exercise. 
The conception of "angina sine dolorc” is brieflj’' discussed. 

Poynton, P. J.; Some Aspects of Heart Disease in Childhood. Bristol Med.-Chir. 

J. 51: ’205, 1931. 

In this Long Fox ^Memorial Lecture, the author describes the various forms 
of heart disease occurring in children, including tuberculous and meningococcal 
heart disease. He reviews his own previous work and ideas developed a good 
many years ago and correlates them with the findings of heart disease at the 
present time. He particularly emphasizes the importance of apyrexial carditis 
and states that this form is repeatedly seen in children under the age of live 
years. In his own study ho has found the incidence to be about 10 per cent. 
Ho also states that the mortality at tliis age is proportionately greater than at 
any period. 

He discusses particularly the etiology of heart disease at this time of life 
and points out the difficulty in correlating the finding of rheumatic carditis with 
malignant endocarditis. 

Pickering, G. W., and Wayne, E. J.: Observations on Angina Pectoris and Inter- 
mittent Claudication in Anemia. Clin. Sc. 1: 305, 1934. 

Pains clinically indistinguishable from those of intermittent claudication and 
angina pectoris may occur in any type of severe anemia. Of twenty-five consecu- 
tive ambulatory cases of severe anemia, seven complained of pain in the legs 
and eight of pain in the chest induced only by exercise and relieved by rest. 
After cure of the anemia only one patient experienced pain in the legs and two 
pain in the chest. In nine patients grossly anemic, exercise of the limbs without 
circulatory arrest produced severe pain having the characteristics of intermittent 
claudication. After cure of the anemia similar exercise produced no or only slight 
pain. After a given amount of exercise, blood flow through the active muscles 
is at least as great in the anemic as in the nonanemic state. It is suggested that 
the stimulus which produces the pain of intermittent claudication is an accumula- 
tion in the tissue spaces of metabolites normally removed by oxidation. 

In six severely anemic patients, complaining of sternal pain or tightness on 
walking, the sensation was reproduced by exercise tests. In four patients, the 
same exercises no longer produced pain or tightness when the blood contained 
more than 50 per cent of hemoglobin. In two patients, the exercise tolerance in- 
creased with rising hemoglobin content of the blood, but pain could still be in- 
duced when the blood was normal. The reaction of heart rate and blood pressure 
to exercise is usually altered in anemia, and such alterations may contribute to 
the development of anginal pain. It is concluded, however, that the essential 
factor in the production of anginal pain is a diminished oxygen supply to the 
working heart muscle. 
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and show this by an increased heart rate, a lowered pulse pressure, and especially 
definite enlargement of the heart. These findings should indicate a structural al- 
teration of the cardiovascular system. If a lowered velocity of blood flow, an 
increased difference in the venous and arterial oxygen content, and decreased 
vital capacity, etc., are found, this diagnosis will be confirmed. 

The authors conclude from their study that digitalis should be prescribed for 
these patients suffering from nonapparent cardiac insufiiciency in order to delay 
the possibility of its becoming an apparent one. 

Page, Irvine H., and Heuer, George J.: A Surgical Treatment of Essential Hyper- 
tension. J. Clin. Investigation 14: 22, 1935. 

Section of the anterior nerve roots from the sixth thoracic to the second lumbar 
segment has been performed in a young girl suffering from persistently elevated 
arterial blood pressure. Anatomical and physiological evidence indicated that her 
vascular system was yet flexible. 

The blood pressure level quichly fell to normal and has remained normal for 
seven months. 

Denervation of the kidneys resulting from the operation did not alter their 
power to excrete urea, but there was slight loss in ability to concentrate urine. 
The kidneys were as efiicient when the blood pressure was reduced to normal as 
when it had been elevated. No increase occurred in the number of red blood 
cells excreted in the urine. 

In spite of the fact that the blood pressure fell to normal, there was no change 
in the subjective feeling of the patient except that headaches, palpitation, and the 
precordial paiu disappeared. 

No significant alterations occurred in the hemoglobin and plasma proteins. The 
basal metabolism and cardiac output also were normal. Electrocardiographic rec- 
ords taken before and after operation showed no change from normal. 

Determinations were made of total lipid, total and free cholesterol, lipid. amino 
nitrogen, total lipid nitrogen, and lipid phosphorus in the blood plasma both be- 
fore operation, when the blood pressure was elevated, and after, when it was 
normal. Except for slight rise in lipid amino nitrogen and total lipid nitrogen 
following operation, the changes were insignificant. 

Page, Irvine H., and Heuer, George J.: The Effect of Renal Denervation on the 

Level of Arterial Blood Pressure and Renal Punction in Essential Hypertension. 

J. Clin. Investigation 14: 27, 1935. 

Bilateral renal denervation in a patient suffering from severe essential hyper- 
tension did not change the level of arterial blood pressure; hence the results give 
no ground for expecting that denervation in cases of essential hypertension is of 
therapeutic value. No ill effects either renal or extrarenal were observed after 
denervation. Renal efficiency as measured by the urea clearance test and the 
ability of the kidneys to concentrate was normal before operation and remained 
unchanged after denervation. The results do not support the hypothesis that 
essential hypertension originates in whole or in part in the nervous mechanism 
of the kidneys. 

Friedlander, Richard D., and Levine, Samuel A.: Auricular Fibrillation and 

Flutter Without Evidence of Organic Heart Disease, New England J. Med. 

211: 624, 1934. 

An' analysis has been made of thirty-five cases of auricular fibrillation and 
four cases of auricular flutter in which no other signs of cardiac disease weie 
demonstrable and in vi^hich rheumatic heart disease, coronary artery disease, hy- 
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pertension, hyperthyroidism and sj^thilis could not be considered contributory. 
These cases composed approximately 6 per cent of all patients with auricular 
fibrillation and 20 per cent of all those seen with auricular flutter during the 
same number of years in private practice. 

Of the thirty-five cases of auricular fibrillation, thirteen were classified as 
transient and twenty-two as permanent. Less than half of the patients in the 
entire group were over fifty years of age, and there were only three females in 
all. 

In those cases with transient auricular fibrillation, the average at the onset 
was thirty-two years for those under fifty years of ago and fifty-two years for 
those over fifty years of age. In the patients with permanent auricular fibrilla- 
tion, the averages were forty-seven years and fifty years for the two age groups. 

The blood pressure, basal metabolism, vital capacity, and laboratory findings 
were considered to be within normal range for the entire series. Cardiac examina- 
tions were entirely negative in all. Eoentgenograms were obtained in one of the 
transient cases and in nine of the permanent group and, except for very slight 
cardiac enlargement in one case in each group, were considered negative. 

The inciting factor was elicited in nine of the patients with transient fibrilla- 
tion and somewhat less definitely in six of those in the permanent group. In- 
cluded in these incitants in the order of frequency were exertion, gastrointestinal 
disturbances, alcohol, and upper respiratory infections. 

Experiences with treatment in this small group of cases would seem to indicate 
that digitalis may diminish the frequency of transient attacks of fibrillation, but 
is practically ineffective in restoring normal rhythm in the permanent group. 
Quinidine is generally effective in establishing a normal rhythm in this latter 
group. 

All the patients with auricular flutter were males, three of whom were over 
sixty years of age, the other was thirty-eight years old. Cardiac examinations 
were negative in all. Pneumonia in one patient and exertion in two of the others 
were the only possible inciting factors. No conclusions can be drawn regard- 
ing the effect of medication in this small group of cases, except that digitalis 
restored the rhythm to normal in two of the patients and quinidine in another. 

The assumption has been made that in such cases as these under discussion, 
the mode of onset of the irregularity may be the result of a "trigger” mechanism 
of neurogenic origin in certain otherwise normal individuals With hyperreactive 
or unstable nervous systems. This mechanism may be related to that associated 
with the onset of similar arrhythmias in hyperthyroidism. 

This study emphasizes the fact that auricular fibrillation and flutter must bo 
regarded in some cases as benign or functional arrhythmias. 

Thomson, William A. E.: The Plasma Proteins and Cardiac Edema. Quart. J. 

Med. 3; 587, 1934. 

The results are recorded of an investigation of the plasma proteins in fifty- 
four patients, consisting of eighteen cases of heart failure with edema, sixteen 
cases of heart disease accompanied by edema, six cases of Bright’s disease, four 
cases of tuberculosis, a miscellaneous group of seven cases and three junior mem- 
bers of the hospital staff who were used as normals. In all, eighty-seven estima- 
tions were made. 

There is a distinct diminution in the plasma proteins in cardiac edema, 87.5 
per cent of the cases having a plasma albumin content of less than 3.2 gni. per 
cent. In heart disease without edema, there i.s only a slight diminution in the 
plasma proteins as compared with the normal, 87 per cent of the patients having 
a plasma albumin level greater than 3.2 gm. per cent. 
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In view of these findings it is suggested that plasma protein deficiency plays 
an important role in the etiology of cardiac edema. The main cause for the 
plasma protein depletion in cardiac edema is considered to be malnutrition. It 
is suggested that the dietary of patients wdth cardiac edema should contain the 
maximum amount of protein compatible with their digestive powers. 

Lewis, Thomas, and Pickering, G. W.: Observations Upon Maladies in Which the 

Blood Supply to Digits Ceases Intermittently or Permanently and Upon Bi- 
lateral Gangrene of Digits; Observations Relevant to So-Called “Raynaud’s 

Disease.’’ Clin. Sc. 1: 327, 1934. 

The purpose of the paper is to show that a number of distinct conditions have 
been described under the term “Raynaud’s disease,” separately to explore these, 
and to indicate directions in which new inquiries may be conducted. It is con- 
sidered that the term “Raynaud’s disease” should be abandoned. 

The present inquiries again point to the existence of a local fault as a cause 
of both Raynaud’s disease and of bilateral gangrene. The several causes of local 
faults of the vessels are enumerated: 

Intermittent spasm of digital arteries with generalized scleroderma. 

Raynaud’s phenomenon arising out of local injury, including the use of vibrat- 
ing tools. 

Bilateral gangrene of digits in the young, and with infection; this condition 
is regarded as probably the re.sult of thrombotic closure of vessels. 

Bilateral gangrene with hemoglobinuria from cold, a condition having probably 
a unique pathogeny. 

Bilateral gangrene of digits in the elderly, in which closure is shown to be 
thrombotic but preceded by disease of the small arteries. 

Thromboangitis obliterans associated with Raynaud’s phenomenon. 

Cervical rib or crutch pressure causing Raynaud’s phenomenon or gangrene, so 
it is thought, by thrombotic and embolic processes. 

It is suggested that gangrene is never the result of uncomplicated spasm of 
arteries. Evidence tends increasingly to show that gangrene depends upon struc- 
tural occlusion of the vessels. 

Pickering, G. W.: The Cerebrospinal Fluid Pressure in Arterial Hypertension. 

Clin. Sc. 1: 397, 1934. 

The general clinical features presented by hypertensive patients with cerebro- 
spinal fluid pressures of 250 mm. water and over contrast strongly with those 
presented by patients having lower pressures. The former are younger, the kid- 
neys are usually severely damaged, and the disease progresses rapidly to a fatal 
termination. The latter are older, the kidneys usually escape severe damage, and 
the disease progresses less rapidly. 

Every patient with a cerebrospinal fluid pressure over 250 mm. water de- 
veloped albuminuric retinitis. With one exception, every patient with a lower 
cerebrospinal fluid pressure had either no retinal lesion or the lesions characteriz- 
ing arteriosclerotic retinitis. It is suggested that the essential difference between 
these two forms of retinitis is the addition in the albuminuric type of neuro- 
retinal edema resulting from increased intracranial pressure. 

In individual patients with high blood pressure, the cerebrospinal fluid pres- 
sure has been found unaltered during headache and during acute attacks of coma 
and convulsions unassociated with uremia. 

There is a relation between high diastolic blood pressure and high cerebro- 
spinal fluid pressure, and it is suggested that the former is one of the factors 
determining the latter. 
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Das Beriberi-Hekz : Morphologie, Klikik, Pathogenese. By Professor K. F. 

Wenckebach, in charge of the First Medical University Clinic in A^ienna. Julius 

Springer, Berlin and Vienna, 1934, 106 pages, with 38 illustrations. 

Professor Wenckebach’s monograph on the beriberi heart is the outcome of an 
invitation visit to Java; and the book reflects his great interest in this problem, as 
well as in other types of heart disease, and the friendly cooperation of the men 
with whom he worked. Even in our own part of the world where beriberi, far from 
being an important public health problem, is a rarity, the study should be read with 
great interest. ' ‘ Shoshin, ’ ’ the rapidlj’ fatal affection of the heart which appears in 
some cases of beriberi, presents a striking clinical picture — the picture of a rapidly 
developing and extreme degree of pure right-sided failure unassociated with valvular 
damage or with evidences of failure of the left ventricle. The patient is seen com- 
plaining of severe epigastric and retrosternal pain, writhing and tossing in bed, 
equally distressed whether erect or reclining, breathing rapidly and superficially; 
the veins and liver are tremendously enlarged and pulsating, and the lungs are free 
from any sign of congestion. After focussing the reader’s attention on the clinical 
picture of shosliin Professor AVenckebach presents the gross and microscopic an- 
atomy, the characteristic x-ray picture, and the heart of infants affected wdth beri- 
beri. He then describes some of the physical signs in greater detail, stressing par- 
ticularly the enormous enlargement of the heart, the periplieral vascular signs, and 
the remarkable response to certain hormones. There is a prompt exacerbation of 
all symptoms upon the injection of adrenalin and an equally prompt improvement 
following the injection of pitressin; the results of which are so dramatic that the 
former drug is used as a diagnostic aid to measure improvement during convales- 
cence, and the latter is considered as of possible therapeutic value. In the final 
section of the study the author takes up certain theoretical considerations — the na- 
ture of the water retention, which differs from edema, the relation between muscle 
tonicity and contractility, the disproportion between the involvement of the right 
and left sides of the heart, the basis underlying the vascular signs, the part played 
by the glands of internal secretion, the relation between the nervous manifestations 
and the disturbance of the skeletal and cardiac muscles. These arc fundamental 
problems, of great interest and importance whether or not we ever see a case of 
beriberi heart. 

JE. U. 

ExrERMEDADE.s DEL Pericardio. By Dr. Carlos P. AA’aldorp and Dr. Samuel Geni- 

jovich. Aniccto Lopez, Buenos Aires, 1934. 

This volume of more than four hundred pages represents a praiseworthy attempt 
to cover the entire field of diseases of the iiericardium. The book is systematically 
arranged and freely illustrated. Alost of the subjects are covered adequately. 

The extensive bibliography loses some of its value because neither the volume nor 
the page is given in the references. 

The book should find a distinct field of usefulness in Spanish-speaking countries. 

L.A.C. 
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Physiology in Health and Disease. By Carl J. Wiggers, M.D., Professor of 
Physiology in the School of Medicine of Western Eeserve University, Cleveland, 
Ohio. Lea & Febiger, Philadelphia, 1,1S4 pages, with 182 illustrations. 

To all those familiar with Dr. Wiggers’ classic monograph. The Girciilation in 
Health and Disease, the plan and character of the new volume will at once be 
apparent. He has extended to the whole field of human physiology the method 
employed in his earlier book on the circulation. 

It is obvious that the plan of presenting side by side the normal and the path- 
ological aspects of physiology has many and great advantages to every one — student, 
general practitioner, and clinician — whose interest in physiology lies primarily in 
its application to the problems of clinical medicine. 

In this treatise of some 1,200 pages, almost 300 pages are devoted to the section 
on “Heart and Circulation.’’ This portion of the new book follows the general 
lines of the author’s earlier one, altliough the section has been entirely rewritten 
and extensively revised. The text of this section has been condensed to about one- 
half that of the earlier book; but in spite of this, much important new material 
has been added. The recent advances concerning the peripheral blood vessels are 
fully recorded, and there is a new and admirable chapter on the coronary circula- 
tion and its disturbances. Indeed, throughout the entire volume there is constant 
evidence of the effort to bring the whole field of phj'siological knowledge into rela- 
tionship with the everyday problems of clinical medicine. 

The appearance of Dr. Wiggers’ book is an event of the first importance to every 
one interested in tightening the bonds between physiologj’ and the clinical sciences. 

L. A. C. 


The Heart Visible. A Clinical Study in Cardiovascular Eoentgenology in 
Health and Disease. By Dr. J. Polevski, Attending Physician and Cardiologist, 
Newark Beth Israel Hospital. F. A. Davis Company, Pliiladelpliia, 1934, 207 
pages, with 122 illustrations. 

In the preface Dr. Polevski states that this book is intended for the radiologist 
who has the scientific curiosity of a clinician and also for the cardiologist and for 
every clinician eager for any and every possible means that will enable liim to 
establish a diagnosis that will be in keeping with the facts. He might also add 
that the book would be suitable for the medical student wlio is interested in 
learning the first principles of the fluoroscopic examination of the heart and great 
vessels. The text is simply written and generously illustrated, and the illustrations 
have been carefully selected and well printed so that they really illustrate. The 
author stresses the value of careful observation, not only in the anteroposterior 
position, but also in the oblique and lateral positions, and one might wish that he 
had chosen to show more of the oblique views of tlie chest, particularly in relation 
to the study of the aorta and the distinction between dilatation and tortuosity. 
The work is useful in calling attention to a method of investigation which has not 
been sufficiently utilized, in illustrating the appearance of the cardiac silhouette 
under normal and abnormal conditions, and in discussing various extrinsic factors 
which if not properly interpreted may lead to mistakes in diagnosis. It probably 
contains little that is not familiar to the radiologist and the cardiologist for whom 
it was intended. 


F. H. 
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the QRS complex. These observers believe that it is unjustifiable to 
attempt to localize the site of the bundle-branch block from the direc- 
tion of the major initial complex of the three leads of the electro- 
cardiogram. 

It is desirable for the development of our knoAvledge of electro- 
cardiographic localization of myocardial damage, that the side of the 
lesion in the common type of bundle-branch block be determined be- 
yond doubt. It occurred to us that new evidence bearing on the prob- 
lem might be obtained by studying the time relations of various phe- 
nomena related to ventricular contraction on the two sides of the 
heart. The hypothesis that asynclmonism in contraction of the two 
ventricles may occur is not new.^‘ Before the advent of electrocardiog- 
I'aphy, some writers maintained that reduplication of the first sound 
is due to asynchronism in the beginning of contraction of the two 
ventricles. This idea has received little, if any, sui:)pox’t in recent years, 



Fig’. 1. — A, The common type of bundle-branch block. 

n. Case J. O’C. (Table IV). A relatively uncommon type of intraventricular 
conduction defect. 

C, Cajse A. O. (Table IV). This type of intraventricular conduction defect ranks 
second in frequency to the common type. The significant lesion probably involves the 
conduction system on the right side. 

although no actual evidence opposed to it has been jiresented. As far 
as we know, it has never been tested in man. Most clinicians probably 
believe that reduplication of the second heart sound is due to asyn- 
chronous closure of the aortic and pulmonic valves, but no adequate 
proof has been available. 

Katz^° has shown in exjierimental animals that there is often slight 
asjmchronism in the beginning and ending of the ejection periods 
from the two ventricles. The frequency Avith Avhich splitting of both 
first and second heart sounds is noted in bundle-branch block and 
the reported finding of a bifid systolic apex impulse^® suggest that 
these phenomena might be due to asynchronous contraction of the 


*This subject has been reviewed by Holt.’* 
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two ventricles! Moreover, sucli a lij’-potliesis seems reasonable, be- 
cause, according to the generally accepted explanation for the mecha- 
nism of bundle-branch blbck, the exeitatoiy process is delaj^ed in 
reaching the ventricle on the side of the block. The response might 
therefore also be delayed. 

In the present study, the time relations of vaiuous events associated 
with right and left ventxicular contraction were studied in a series 
of patients, whose electrocardiograms conformed rigidly to accepted 
criteria for the so-called common tj'pe of bundle-branch block (Fig, lA) . 



wttSt bm'SSnS7’b1o?L“'’“ '>l“k 

larded In the bc.nts showing bundle-branch *blocR. ‘ con.sidcrably re- 

Both component^ occur' diitdng wmn^uI^r^Lysto'lo’'^' Intraventricular conduction Ume. 

The cofn‘l?one"t’’of"'thc" Idndimpid.'e time. 
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All tlie cases in this series, so classified, had the following electro- 
cardiographic characteristics : (1) the QRS complexes had a duration 
of not less than 0.14 of a second in at least one lead; the amplitude of 
the QRS complex in Lead I was at least 6 mm. and in Lead III was 
alwaj^s greater; (2) the main QRS complex was upward in Lead I and 
doAvuAvard in Lead III; (3) the terminal or T-deflection aa^s doAvn- 
Avard in Lead I and upAAmrd in Lead III. 

The methods used for determining the Amrious time relations under 
consideration included (1) A’^ai'ious combinations of electrocardio- 
grams, sound tracings,’' optically recorded apex cardiograms, carotid 
artery and A^euous pulse tracings AAHth the recording deAuces arranged 
to avoid parallax and (2) roentgenkjunographic tracings of the aortic 
and pulmonary artery pulsations, timed by superimposition of the 60 
cycle x-ray current disturbance on an electrocardiogram. 


APEX CARDIOGRAMS 

Optically recorded apex cardiograms timed bj^' electrocardiograms 
(care being taken to exclude parallax) Avere obtained in 5 cases Avith 
the common type of bundle-branch block. Three of these eases ex- 
hibited a bifid outAvard thrust in early sj'-stole (Fig. 2A), one a bifid 

Table I 

Time Intervals Between the Beginning op the QBS Complex op the Electro- 
cardiogram AND the Outward Thrust op the Optically 
Eecorded Apex Impulse 


THE COMMON TYPE OP 
BUNDLE-BRANCH BLOCK 

NORMAL INTRAVENTRICU- 
LAR CONDUCTION AND 
GOOD CARDIAC FUNCTION 

NORMAL INTRAVENTRIC- 
ULAR CONDUCTION AND 

decompensation 

case 

time 

INTERVAL 

(SECOND) 

CASE 

TIME 

INTERVAL 

(SECOND) 

CASE 

TIME 

INTERVAL 

(second) 

W. B. 

0.05 

E. C. 

0.05 

K.M. 

0.06 

H. P. 

0.04 

E. E. 

0.03 

H. G. 

0.06 

E. B. 

0.05 

P. G. 

0.04 

L. B.:\ 

0.03 

L. H. 

0.05 

S.AAL 

0.02 

W. H. 

0.04 

H. H.* 

0.05 to 0.08 

K. H. 

0.04 

A.E. 

0.05 

(auricu- 

(During bundle- 

O.G. 

0.02 

L. T. 

0.04 

lar 

branch block) 

A. E. 

0.04 

W. W. 

' 0.03 

fibrilla- 

and 

E.M. 

0.04 

J. G. 

0.04 

tion) 

0.02 (in beats 

C. P. 

0.03 

G. M. 

0.06 

with normal QES 
complexes) 

J. G. 

0.04 

A. D. 

0.06 

Average 

0.048 


0.035 


0.047 


*The systolic thrust was single in both types of beats (see Pig. 2 C). This case is 
excluded from the averages because of the presence of auricular fibrillation and con- 
sequent variability in duration of inten^als between the QRS complex and the begin- 
ning of the apex thrust. 


thrust the first component of Avhich pi’eceded A^entricular systole (Fig. 
2B), and one a single large apex thrust (Fig. 2(7). The time interval 
betAveen the beginning of the QRS complex and the beginning of the 


♦The method of sound recording has been previously described. “ 
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outward systolic tlirust at the apex was essentially the same in cases 
of bundle-branch block as in a series of cases with cardiac decompen- 
sation, In normal controls the average duration of the interval was 
slightly less, although the differences could not be regarded as sig- 
nificant (Table I). 

A study of the details of apex cardiograms obtained from controls 
without bundle-branch block, or even intraventricular conduction de- 
fect, reveals the fact that some of these eases also have a bifid outward 
tlumst at the apex during systole (Pig. 2D). Whether this is a mani- 
festation of asynchronism in some eaidj'- phase of cardiac contraction 
cannot be stated at present. The data, although limited, appear to 
warrant the following statements; (1) A systolic bifid apex impulse 
is not always recorded in the common tjTie of bundle-branch block; 
(2) a systolic bifid apex impulse is sometimes recorded in cases with- 
out intraventricular conduction defect; therefore (3) a systolic bifid 
apex impulse is not to be depended on as a sign of bundle-branch block.* 

The outward thrust at the apex does not enable one to differentiate, 
with cei'taintj’’, movement due to conti'aetion of one or the other ven- 
tricle. Furthermore, because of variability in (1) rotation, (2) the 
relation of the heart to the chest wall, and (3) the duration of the 
isometric contraction phase, there is no certainty that the outwai’d 
thrust of the heart has a fixed time relation to either the beginning 
of contraction or ejection from the ventricles. For these reasons the 
method was abandoned for the study of our present problem. 


THE TIME OF APPEARANCE OP THE PULSE IN THE RIGHT CAROTID 

The appearance time of the sharp primaiy oscillation in the right 
carotid artery pulse wave offers a fairly accurate criterion for deter- 
mining the beginning of ejection from the left ventriele.^^ According 
to reported studies of pulse wave velocity in large arteries, it may be 
calculated that this primary oscillation begins from 0.015 to 0.025 
second after the beginning of ejection from the left ventricle. The 
measurements of the time intervals between the beginning of the 
QKS complex and the beginning of the right carotid artery pulse 
wave in Table II were obtained from tracings in which the electro- 
cardiographic and optically recorded carotid pulse tracings were made 
simultaneousl 3 % care being taken to avoid parallax. The material 
comprised eleven cases of the common type of bundle-branch block, 
leu normal conti’ols, and seven cases of cardiac decompen.sation. Care 
was taken to include among this group of controls only cases with a 
single first sound, because of the possibility that splitting of the first 
sound may be due to asynelironism in some phase of the early part of 
contrac tion. Reference to Table II reveals the fact that although 

bloct' M ^ c.'ircliosrr.ims in 11 patients -ivitli bundle-branrh 

" 
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there was a considerable range in ihe duration of the interval in con- 
trol cases, it was significantly prolonged in all cases with the common 
type of hundle-hranch block.® Comparison of the interval in the 
bundle-bran eh -block group with the interval in the cardiac decom- 
pensation controls, shows that tlie prolongation of the former cannot 
be accounted for by feebleness of the heart action. As a matter of 
fact, most of the patients with bundle-branch block had relatively 
good compensation and several of them were working. 

Tabi.e II 

Time Interval BEnvEEN Beginning or QBS Comitalv and Beginning or Bight 

Carotid Auterv J^glsk IVave 


THE COMMON TYRE 

OF BUNDLE-BIUNCH BLOCK 

NORMAL CASES WITH 

SINGLE FIRST 
SOUNDS 

CASES WITH SINGLE 

FIRST SOUNDS AND 

CARDIAC DECOM- 
PENSATION 

CASE R.\TE 

INTERVAL 

(second) 

KATE 

INTERVAL 

(SECOND) 

KATE 

INTERVAL 

(SECOND) 

R. .1. 75 

0.16 (0.13) t 

55 

0.10 

102 

0.10 

M.B. SO 

0.16 (0.13)1 (0.20) t 74 

0.10 

lOS 

0.13 

B.B. 105 

0.16 

6S 

0.11 

87 

0.08 

L. 11. SO 

0.17 

61 

0.12 

105 

0.10 

H. P. 79 

0.16 

05 

0.09 

00 

0.12 

P. H. SS 

0.18 

6S 

0.12 

72 

0.12 

N. S. 50 

0.16 

82 

0.11 

74 

0.12 

E.G. S3 

0.21 

74 

0.12 



E. H. S5 

0.16 (0.12 to 0.09)5 75 

0.12 



A, X. 77 

0.18 

00 

0.15 



'H. H. cycle 

0.15 to 





lengths 

0.25 





0.64 to 






1.40 second 





Average 80 

0.17 

68 

0.111 

88 

0.11 


‘This case is excluded from tlie aveniRes because of tl)e pi'csonce of auricular 
fibrillation and varying intervals dependent on preceding cycle length. 

tThe interval in extrasystoles Avlth QRS deflection downward in L^Jad I and upward 
in Lead III. 

JThe intoiw'al in extrasystoles with main QRS complex upward in Lead I and down- 
ward in Lead III. 

the transition from bundle-branch block to normal type of QRS complex, 
the QRS-carotid inter^’a! shortened. 


The duration of the interval between the QRS complex and the 
carotid pulse in premature beats has special interest. In Case H. H. 
of the group with bundle-branch block in which auricular fibrillation 
was also present, the intervals in the premature beats with relatively 
small pulses were greatly prolonged (up to 0.25 second), whereas the 
beats falling after the longer pauses had an inteiwal of only 0.15 to 
0.17 second (Fig. 3A). A small part of the delay in the premature 


‘Most of these data were included in Table III of the report by Wolferth, Margolies 
and Bellet.i Nichom has recently published similar data on the time relations of 
the QRS complex of the electrocardiogram and the left subclavian pulse. Although 
Nichol apparently regards his findings as sufficient for judgment regarding the side of 
the significant lesion in bundle-branch block, it had not seemed to us safe to do so, 
even when comparisons with venous pulse tracings were available. Such evidence 
falls short of proof. It was this conclusion that led us to the attempt to apply the 
roentgenkymographic method, so that direct measurements of the Intervals between 
the QRS complex and the aortic and pulmonary artery pulses could be made. 
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beats might be accounted for by lessened pulse wave velocity, but 
most of it was probably due to delay in the beginning of ejection. 
A similar j)rolongation of tlie interval Avas observed in Case M. R. in 
connection Avith an extrasystole of supraventricular type (Fig. SR,)- 
IIoAA^eA'er, in tliis same case the inteiwals in Amntricular extrasystoles 



Avilli main QRS dellections opposite in direction to those of the rhythmic 
bmidle-brancli-hlock heats Avere actually sliorter than those of the 
rhythmic beats, despite the possibly lessened velocity of the feeble 
premature pulse Avavcs (Pig. SBj). In Case R. J, a similar shortening 
of the inteiwal Avas observed in ventricular extrasystolic beats Avhose 
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main QES deflections were opposite in direction to tiiose of the rhythmic 
beats exliibiting bundle-branch block (Pig. 3C). Wiggers has found 
that in left ventricular premature systoles the pressure in the left ven- 
tricle rises in advance ; in right-sided extras 3 ’-stoles the right ventricular 
pressure rise precedes. When this state of affairs exists, from 0.03 to 
0.06 second may elapse between the contraction of the two ventricles 
and asjTichronous ejection from the two ventricles takes place.^® 

These observations made on extrasj^stolic beats appear to indicate 
that the delaj’- in ejection from the left ventricle in the common type 
of bundle-branch block is not due to feebleness of the contractions, 
but is dependent on some special peculiarity in the spread of the im- 
pulse which causes a delaj’- in the response of the left ventricle. 

The most striking evidence tliat delayed ejection from the left ven- 
tricle is associated -with aben-ant spread of impulse was obtained in 
Case E. H. (Table II and Pig. 4). The transition between the common 
type of bundle-branch block with QRS complexes having a duration 
of 0.14 second to QRS complexes having a duration of 0.09 second was 



Fig. 4. — Case E. H. ( Table II). Tlie effect of transition from tlie common type of 
bundle-branch block to normal intraventricular conduction on the Interval between the 
beginning of the QRS complex and the upstroke of tlie carotid pulse. Tlie interval in 
the first two beats is 0.16 second, in the third beat 0.12 second, and in the last two 
beats 0.11 second. 

recorded. Coincident with the change in the QRS complexes, the in- 
terval between the beginning of the QRS complex and the rise of the 
carotid pulse changed abruptty from 0.16 to 0.12 and 0.11 second re- 
spectively in th.e two beats following bundle-branch block. 

TIME RELATIONS OP THE C-WAITC IN THE IHIINS ABOIHI THE CLAVICLE 

Although the study of the time relations of the carotid pulse demon- 
strates that ejection from the left ventricle is significantly delaj'-ed in 
the common type of bundle-branch block, it throAvs no light on the 
action of the right ventricle. For this reason, the interval betiveen 
the beginning of the QRS complex and the optically recorded C-Avave 
of the venous pulse just above the right claAnele Avas measured in a 
series of 8 cases Avith the common type of bundle-branch block (7 of 
Avhich Avere also included in Table II) and 8 normal controls. The 
optical apparatus was lined up to avoid parallax. Special care Avas 
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taken in the attempt to obtain the venous C-wave (which is most 
likely dependent on right ventricular activit 3 ’') and to avoid the ar- 
terial C-wave. In the cases having the common tj’-pe of bundle-branch 
block, the venous C-wave always fell earlier than the arterial so that 
the time relations are fairty reliable. In some of the controls, how- 
ever, there was no eertaintj'- that the upstroke of the C-wave was not 
contributed to or actuallj’' caused b 5 ’' the arterial pulse. Nevertheless, 
the intervals in the eases with bundle-branch block and controls have 
quite comparable time relations (Table III). It is therefore, justi- 
fiable to say that, although in the common type of bundle-branch 
block the carotid pulse is delayed, the appearance of the venous 
C-wave in the veins above the right clavicle is not significantly delayed. 

Tablk in 


Time Interval From Beginning op QBS Complex to Upstroke op C-Wave 
IN THE Veins Above the Eight Clavicle 


THE COMMON TYPE OP 
BLOCK 

CASE 

bundle-branch 

TIME INTERVAL 
(second) 

CASES WITH 

NORMAL INTRAVENTRICULAR CONDUCTION 

TIME INTERVAL 
O'^'^SE (SECOND) 

E. J. 

0.12 

W. H. 

0.10 

M.E. 

0.12 

M. C. 

0.10 

E. B. 

0.13 

A.K. 

0.09 

L. H. 

0.11 

J.B. 

0.11 

E.W. 

0.10 

E. D. 

0.12 

H. P. 

0.12 

P. C. 

0.09 

P. H. 

0.14 

A.E. 

0.06 

H. H. 

O.OS to 

C. T. 

0.15 

(Auricular 

0.10 



fibrillatiou) 




Average 

0.116 


0.103 


"Wliile these measurements suggest that in the common type of bundle- 
branch block ejection from the right ventricle is not delajmd, they do 
not prove the point. The beginning of the venous C-wave does not 
neeessarilj’- bear the same relation to light ventricular ejection as the 
shaiqi upstroke of the carotid wave beai’s to left ventricular ejection. 
It is quite possible that movement of the heart as a whole ma^’- cause 
a wave to travel up the veins. Furthermore, upward pressure on the 
tricuspid valve (after closure), which is probably largely' responsible 
tor the venous C-wave, maj^ not bear a fixed relationship to ejection. 
Iloreover the velocitj* of the pulse wave in a low pressure venous 
s.vstem is probably considerably retarded as compared with the veloc- 
itj* in arteries.'” 


ROENTGENKY:MOGRAJrS OP THE GREAT VESSELS 

The procedure of roentgenkymography to record movements of 
the heart borders was fir.st attempted b.v Sabat=’ and later by Gott 
and Eoscnthal-- in 1912. A method of timing the curves bv means 
of electrocardiograms was fii-st u.sed by Becker-" in L934 and later by 
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Stenstrom and Westermark’^ in 1926. We liaA^e reeentlj’’ published 
roentgenkj'-mographic tracings of movements of the left auricular 
border in mitral stenosis.-^ The time relations of the roentgenkjTuo- 
grams were analyzed by the use of the superimposed 60 cycle induc- 
tive disturbance caused by the x-raj'' current on the simultaneously 
recorded electrocardiogram (Fig. 51)). 

Eoentgenkymograplij’- of the great vessels does not, as a rule, yield 
as satisfactory results as that of the heart, since the contrast with 
the lung fields is not so sharj). This is particularly true of the pul- 
monarj^ artery region below the aortic knob, because of the adjacent 
left hilus shadows, which occasionally made kymograplij^' of the pul- 
monary artery difficult, if not imi^ossible. Boentgenkymograms of 
the aortic knob pulsations were usuall^^ obtained without much dif- 
ficulty. A slit 1.5 mm. in width was used and the film moved past 
the slit in a motor-didven cassette carrier. Cassette speeds of 3 to 
6 cm. per second appeared to be the most satisfactory. The milli- 
amperage varied from 80 to 100 and the kilovoltage from 80 to 100, 
depending upon the speed with Avliieh the cassette was driven and 
the thickness of the patient's chest. Only those jDatients in whom 
satisfactory records of the aortic knob and pulmonary artery pulsa- 
tions could be obtained were used. Examjjles of the best results 
obtained by this technic are slioum in Fig. 5 A, B, and G. - 

The measurement of the time relations involved several possible 
sources of error. Since the slit was 1.5 mm. in width, there was bound 
to be slight haziness in the margin of the ifiiotographed waves, al- 
though this was minimized by the speed Avith Avhich the film AAms 
moved. There Avas also a hazy band at the beginning and ending of 
the kymograni. Measurements Avere made from the middle of these 
bands. In most of the faster moAdng films, the slit image AAms photo- 
graphed on the moAung film by the rectified full AvaAm 60 cycle cur- 
rent impulses as alternate light and dark bands, Avhich could be used 
as a time signal, the time betAveen successive dark bands being 1/120 
sec. (Fig. 5A). In the other cases, AAdien it Avas not distinct enough 
to be so used, the unifonnity of speed Avith AAdiieh the film traveled 
had to be tested by measurements of Amidous time intemmls on the 
electrocardiogram and checked against distances traveled by the 
film. The superimposed 60 cycle inductWe disturbance on the electro- 
cardiogram offered a satisfactory time signal for the duration of the 
roentgen ray exposure. The amplitude of the disturbance in the 
•electrocardiogram AAms controlled by means of the so-called induction 
eliminator, the optimum being a band 3 to 5 mm. AAdde, so as to obtain 
a readable electrocardiogram (Pig- 5D). 

Another factor requiring consideration Avas the point on the roent- 
genkymogram marking the ai'i’hml of the true arterial pulse Avave. 
In the opticallj^ recorded pulse AAmAm there is rarely difficulty in identi- 
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Pig:. 5. — Illustration of results obtained in roentgcnkymogrraphy of the great ves- 
i'els. Tlio point Q in each roentgenkymogram marks the beginning of the QRS com- 
plex. 

A, A pulmonaiT artery pulsation. The incisura is distinctly shown (arrow). The 
bands (reinforced in part of the photograph for purposes of 
reproduction) are due to the effect of the rectified full wave GO cycle current Impulses. 

dortic pulse w.ave. The incisura is not distinct in thi.s case although it is in 
many aortic pulse waves, 

P’ Simultaneously recorded roentgenkymogram of the pulmonary artery and 
rvM of oase J. O-C. (Table IV). Tlie pulse is unusuStv^arce 

wen'lh'r di-terlosclerosis in the pulmonaiT vessels, mie inclsura^^ 

(arrow). The transmis.cion of puKsation to adjacent lumr stAictnrn ic 

beginning and tlie ending of tlie inductivi disturbanccSn thr electro' 
cardiognim or.- indicated by the arrow.«. o-’cui u.mce in tne electro- 
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fying its beginning. The preliminary waves (due probably to anricular 
systole, movement of the heart during the isometric contraction period 
and also possibly to movement of tlie semilunar valve before open- 
ing^^) are relatively insignificant, whereas the arrival of the pulse 
wave initiated by ejection is marked by an abrupt rise in the curve. 
Although these preliminary movements are rarely recognizable in 
roentgenkymograms of the great vessels (probably because of their 
small size), the beginning rise of the pulse wave is usually not so 
sharply defined as in the magnified curves of the optically recorded 
waves. In certain eases the possible error in determining the begin- 
ning of the pulse is such that the records cannot be used. 

The possibility of error due to movement of the vessel as a whole 
was considered. This movement is doubtless a factor in all roentgen- 
kymograms of the great vessels, particularly of the aortic knob. In 
certain eases with vigorous heart action, particularly those with aortic 
insufficiency or hj^perthj’-roidism, the movement of the aorta at the 
knob may be much greater than just above the valve. We have re- 
corded apparently distorted pulse waves here with a lateral excursion 
of nearly 2 cm. It seemed, however, that even at the aortic knob, 
movement of the vessel as a whole did not involve an appreciable 
error in the time relations. As a matter of fact, the error due to 
movement of the knob before arrival of the pulse would tend to 
minimize this evidence of delay in ejection from the left ventricle. 

As a re.sult of numerous measurements and controls we have con- 
cluded that with satisfactory roentgenkymograms and careful technic 
there remains a possible error in any individual measurement of 0.02 
second. We have attempted to minimize this possible error in deter- 
mining the intervals between the beginning of the QES complex and 
the aortic and pulmonary artery pulse by measuring two or three 
intervals and taking the average (Table IV). In a few thin-chested 
individuals with excellent contrast, however, the film was run verj’’ 
rapidly and only a single pulse recorded. In these cases the speed 
of the film and the presence of the time signal on the film, referred 
to above, minimized errors in measurement. 

It was hoped in the beginning of our work that cases of bundle- 
branch block would be encountered Avith either sufficient dilatation 
of the ascending aorta or tortuosity so that the pulses of the ascend- 
ing aorta and the pulmonary artery could be recorded in the same 
film. No such cases Avere found, and it Avas, therefore, necessary in 
all cases to record the aortic pulse at the aortic knob. From available 
data on pulse Avave velocity in large vessels and length of aorta it 
Avas estimated that the pulse at the knob should fall 0.010 to 0.015 
second later than in the ascending aorta."^ 

*The point on the ascending aorta from which the length to the aortic knob was 
measured, was taken at a level comparable to that of the pulmonary artery roentgen- 
kymogram. 
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Measurements of the interval between the beginning of the QRS 
complex and the beginning of the pulse wave in the aorta and pul- 
monary ai'tery Avere obtained in 6 cases Avith the common type of 
bundle-branch block and in tAvo cases Avith conduction defects Avhieh 
did not conform to the common type of bundle-branch block (Fig. 
IB and C). There are also included a series of 8 normal controls 
Avith single first sounds and 6 normal controls AAdth siilit ‘first sounds. 

In the normal controls Avith single first sounds the intervals sIioaa' 
considerable variation from case to ease. Similar variations Avere ob- 
served in the intei’Amls betAveen the QRS complex and the beginning 
of the carotid jnilse (Table In tliese controls tlie apparent 

as3mchronism betAveen the aortic and pulmonic imlse Avas as great as 
0.03 second. No significance, lioAvcA’^er, is to be ascribed to these varia- 
tions, since thej’- fall Avithin the range of error of the method, Avhich 
is not sufiScientlj^' accurate to measure such slight asjaichronism. 

No significant differences in the interA'al from the beginning of QRS 
complex to the beginning of the pulmonary artery inilse Avere found 
in the cases Avith the common tj’^pe of bundle-branch block as compared 
AAdth normal controls Avith single first heart sounds. IIoAvever, in all 
cases of the common tj^pe of bundle-branch block, the intervals be- 
tAveen the QRS complex and the aortic pulse shoAved a significant de- 
laj’" in ejection from the left A^entricle. This is eAddenced not onlj' by 
comparison Avith the controls, but bj’" the fact that in each case of the 
common tj’^pe of bundle-branch block the aortic pulse fell much later 
than the pulmonic. It is of interest that of the tAvo cases mentioned 
aboA^e Avith intraventricular conduction defect, one had an electro- 
cardiogram differing markedly from the common type of bundle- 
branch block (Case A.O., Pig. 1C and Table IV), and in this case the 
delaj^ in ejection Avas on the right side rather than on the left (Table 
IV). 

THE RELATION BETAVEEN ASYNCHRONISM IN THE BEGINNING OP EJECTION 
FROM THE TAVO AT5NTRICLES AND SPLITTING OP THE FIRST HEART SOUND 

The time relations of the beginning of the pulses in the aorta and 
pulmonarj'' arteiy, as obtained bj’’ the roentgenkjunographic method, 
offer an opportunitj'' to test the hj^pothesis that splitting of the first 
heart sound is related to asjnichronism in certain d^mamic events 
associated Avith the earlj^ phases of contraction of the tAVO A^entricles 
(Table IV). 

The time relations of the tAvo comiionents of a split first heart sound 
to the beginning of left A'^entrieular ejection can be obtained from 
combined carotid artery and sound tracings recorded Avithout paral- 
lax. An alloAvanee of 0.02 second for transmission of the pulse from 

*The data suggest that cardiac I'ate is one of the factors concerned in the dura- 
tion of the interval ; it tends to be shorter in cases with tachycardia. 
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tlie aortic valve to tlie carotid artery is sufficiently accurate for prac- 
tical purposes. The time relations can also be easily calculated if 
both electrocardiogram-heaii; sound and electrocardiogram-carotid 
artery tracings, made in the same position and with similar heart 
rates, are available. The most satisfactory method is to record simul- 
taneously without parallax, the electrocardiogram, sound tracing and 
carotid ai’tery pulse. The only error in this method involves the 
assumption that the pulse requires 0.02 second to be transmitted from 
the aortic valve to the carotid ai-terjL 

In the measurements, we have disregarded small vibrations of an 
indeterminate character, probably subsonic, which frequently fall very 
near the beginning of the QRS complex. Large vibrations of the type 
which doubtless represent audible sound begin rather abruptly, usually 
in the range of 0.03 to 0.07 second after the beginning of the QRS 
complex and sometimes slightlj’- later. That these large vibrations 
begin before left ventricular ejection can readily be determined by 
the metliods mentioned above. 

When the first heart sound is split, the time interval from the be- 
ginning of the QRS complex to the first component is about the same 
as in the case of a single first sound. If a well-damped recording 
apparatus is used, however, the large vibrations are found to cease 
abruptly, and a quiet interval is recorded until the second component 
of split sound occurs. The recorded vibrations of both components may 
be of approximately the same amplitude or they may be nnich larger 
in one component than in the other. A striking characteristic is the 
.short duration of each sound component as compared with the pro- 
longation that is often observed when no splitting of sound can be 
detected. 


An attempt was made to obtain data regarding the relation between 
the two components of a split first sound and ventricular ejection in 
two cases with the common type of bundle-branch block,* two cases 
with other types of bundle-branch defect, and six cases with no delaj’^ 
of intraventricular conduction. In the four cases with conduction 
defect both optically recorded carotid pulse and roentgenkymographic 
tracings of the aortic and pulmonary artery pulses were used to 
determine the times of ventricular ejection. In the six cases Avithout 
intraventricular conduction defect, roentgenkymographic tracings 
were used. 

The cases with normal intraventricular conduction and .split first 
sounds .showed a significant degree of asjmchronism between the be- 
ginning of right and left ventricular ejection, comparable to that of 
bundle-branch block and greater than that found in normal controls 


nil, of the first sound could be detected on ;iu«cult.ition at times in pome 
Ollier cjupes of bundle-branch bloch, but because of the feeblcne.ss of the sounds could 

Occa.=ionany only a rinsle faint .sound or .Slic mur- 
'uur could be heard and. less froauently. a faint .sound and a rnurmiiri ^ 
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Pig. 0 . — The relation of the two components of split first heart sounds to the up- 
stroke of the carotid pulse. 

A, Case M. K. (Table IV). The common type of bundle-branch block. The carotid 
upstroke follows the second component of the split first sound both in the sequential 
beats and in the ventricular extrasystole. 

Case A. O. (Table IV). The three leads of this patient’s electrocardiogram are 
shown in Fig. 1 C. Intraventricular conduction defect of a type which is probablj’' 
right sided. The carotid upstroke follows the first and precedes the second component 
of the split first sound. 

G, Case J. O’C. (Table IV). Tlie three leads of this patient’s electrocardiogram 
are shown in Fig. 1 ' B. The tracing 0-2 was made several months after 0-t. In C-i 
the first sound is definitely split. In O -2 it is not split but prolonged. The upsteoke 
of the carotid is late in relation to the beginning of the sound suggesting that the 
left ventricular component is the latter part of the prolonged sound. 

Dj Normal control with split first sound. In this case the carotid upstroke follows 
the second component of the split first sound. In certain normals it may follow the 
first and precede the second component. 
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(Table IV) . However, in 5 of tlie 6 cases in this group left ventricular 
ejection preceded tbe right, and even in the ease in which left ven- 
tricular ejection followed right ventricular ejection, it did not tend 
to he so late as in bundle-branch block. 

In the two cases with the common type' of bundle-branch block, the 
carotid pulse tracings showed clearly that ejection from the left ven- 
tricle did not begin until after completion of the second component 
of the split first sound (Fig. 6A). In one ease (J. O’C, Table IV) 
with intraventricular conduction defect, a similar relation was ob- 
served. HoAvever, in the other case with intraventricular conduction 
defect of a type which we are beginning to believe is due to a lesion 
in the right branch,* (A.O., Table IV and Pig. GB) left ventricular 
ejection preceded the second component of the first sound. 

Because of the fact that the roentgenkymograms were made with 
the patient in the standing position and the sound tracings in the 
recumbent position, the attempt to correlate the time relations of the 
sounds and ejection from the two ventricles by this method is subject 
to possible error. In certain eases splitting of the first sound may be 
noted in one position or iihase of respii'ation, and not obtained in other 
positions or other phases of respiration. However, in each case in- 
cluded in this study, the precaution was taken to determine by aus- 
cultation that, with the patient in the standing position and holding 
his breath, splitting of the first sound was present just before and 
after the roentgenkjnno grams were made. 

The data, as obtained by roentgenkymography, regarding relation- 
ships of ventricular ejection from the two ventricles to the two com- 
ponents of split first sounds are presented in Table IV. The relations 
observed are as follows; (1) Although significant asynchronism in 
ejection may occur without demonstrable splitting of heart sounds 
(possibly because of feebleness or inaudibility of one comiionent), it 
was present in all eases studied with widely split first sounds. (2) 
The first component of the split first sound invariably precedes ejec- 
tion from either ventricle. (3) If the split between the two components 
of sound is wide, ejection from one ventricle (in some cases the right, 
in others the left) may precede the second component of sound, or 
tlie two may be practically synchronous. (4r) The second sound com- 
ponent invariably precedes ejection from the later ventricle. (5) The 
first component of sound precedes ejection from one ventricle by ap- 
proximately the same interval that the second component precedes 
ejection from the other vent id cl e. 


Asjmchronism in the onset of ejection might be due to (1) a.s^m 
olironis m in the onset of contraction in the two ventricles. (2) differ- 


coworRor.*?” liave pro=ontccl cvi(R.-tiCf' 

rardiosmiiiis that record the potential varintlon"; prodiicod b'v fhn clcclro- 

•'••Inirle point, which support.-^ this view. P'o.nicoa the ho.artbeat .at .a 
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enees in duration of tlie isometric contraction phase in the two ven- 
tricles. Both mechanisms may be operative in the same ease and may 
either increase or diminish the degree of asynehronism. Presumably 
in cases of bundle-branch block asjoiehronism depends mainly on delay 
in the onset of contraction in one ventricle, due to delay in the arrival 
of the excitatory process. H'owevei-, it does not seem reasonable to 
suppose that a similar delaj^ may occur Avhen intraventricular con- 
duction is normal. Under such circumstances differences in the iso- 
metric contraction phase may occur, possibly due to different djmamie 
factors in the two ventricles. Failure to consider this possibility has 
led man}’- observers to the conclusion that asynehronism in contraction 
is impossible when the electrocardiogram is normal. 

According to Wiggers and Dean,-^ the main vibrations of the first 
heart sound coincide with the beginning of the intraventricular pres- 
sure rise. While it is certain that the first lieart sound is initiated 
dui'ing the isometric contraction phase, and that it is probably due 
to rapid rise of inti-aventricular tension, we are not concerned with 
the actual mechanism of sound production at present. We do wish, 
however, to emphasize the fact that, ivhen the first sound is split, each 
component begins before the end of the isometric contraction phase 
of one ventricle or the other. The asjuichronism in sound as well as 
the onset of ejection is therefore related to asynehronism of some event 
during the isometric period. 

The foregoing observations have certain applications to the con- 
sideration of single first heart sounds. It ivould appear that the im- 
portant duality is composed of the right and left ventricular com- 
ponents of sound. So-called prolonged or iminire first sounds are 
sometimes, possibly always, due to imperfect synchronism of the right 
and left ventricular sound components. That this is the ease can 
actually be demonstrated in some cases Avith phasic splitting of the 
first sound, in Ai’-hich at some times prolonged first sounds and at other 
times split sounds may be recorded. Therefore the vieiv not infre- 
quently expressed that prolonged or impure first sounds are to be 
regarded as evidence of cardiac muscle abnormality should be re- 
considered. 

Possibly one of the reasons Avhy inrmstigatoi’s haA’e made so little 
progress in determining the mechanism of production of the first heart 
sound has been failure to take into account the right and left ven- 
tricular contributions to the sound. This problem can be simplified, 
to some extent at least, if the sound production of one A’entriele is 
studied separately from that of the other ventricle. As a matter of 
fact such a separation is essential if accuracy is to be obtained in 
recording time relations. 
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THE RELATION BETWEEN ASYNCHRONISIM IN THE END OF EJECTION FROM 
THE TWO ^^5NTRICLES AND SPLITTING OF THE SECOND SOUND 

The end of the ejection phase is marked by the sounds due to closure 
of the semilunar valves, although as pointed out by Wiggers, actual 
ejection ceases shortly before valve closured" Howevei*, practical 



difficult y is often encountered in the attempt to measure the end of 
ejection by the second sound, since the sound is frequently split both 
in normal and in diseased hearts. In bundle-branch block there tends 
to be unusually wide splitting of the second sound.'' In normals, the 


-'''PonJ pound in bundle-branch block .show.s merging of the two com- 
on^nfrin'; •‘''’f 'll Occurred, the ejccl 



444r 


THE AMERTCAX HEART JOURKAI- 


second sonnd may be (1) single, (2) split in every beat, or there may 
be (3) respiratory phasic incidence of splitting.^® Phasic incidence 
of splitting was not observed in our cases of bundle-branch block. 

In view of these facts it seemed advisable to test the hypothesis that 
splitting of the second sound is due to asynchronism in closure of the 
aortic and pulmonic valves. 

'Whenever the second sound is definitely split, the component identi- 
fied with aortic closure can be determined readily by comparing the 
time relations of the second sound to the incisura (dicrotic notch) 
of the optically recorded carotid pulse. Since the n-ave forming the 
ascending limb of the incisura is reflected as a result of aortic closure, 
it should reach the carotid artery approximately 0.015 to 0.025 second 
after aortic closure. Conseciuently the sound due to aortic closure 
should precede the bottom of the carotid incisura by approximately 
this same interval. 

T.\ni,r. V 


TIME IXTERV.AliS IX CASKS OP THE COMMON 
TYPE OF BUXhbE-nUAXCU PI-OCK BETWEEN 
EACH COMPONENT OF THE SPIAT .SECONB 
SOUND AND THE INCISURA OF THE RKllIT 
CAROTID ARTERY PUbSE 

TIME INTERVAES IN THE COMMON TYPE OF 
BUNDEE-IIRANCII BEOCIC BETWEEN IMCII 
COMPONENT OF THE SIT-IT SECOND SOUND 

1 AND THE BEOINNINC OF THE DESCENDING 
hl.MB OF THE .lUnCEAR V-AVAAT. 


l.ST 

2nd 


1st 2nd 

CASE 

COMPONENT 

component’ 

CASE 

COM PONENT i COAIPONENT 


(second) 

(second) 


(SECOND) (SECOND) 

H. P. 

0.07 

0.02 

II. P. 

O.OS 0.04 

II.J. 

0.10 

0.01 

-M. R. 

O.OS 0.02 

M.E. 

O.OG 

o.oi 

L.H. 

0.1 1 0.04 

L.H. 

0.07 

0.01 

R. B. 

0.12 O.OG 

P.B. 

0.07 

0.02 

AV. AV. 

O.OS 0.0.1 

E. G. 

O.OS 

0.02 



H. H. 

0.04 to 

0.01 to 




O.OG 

0.02 




■ ’The time relations of the .second component indicate tliat it reprosonts aortic 
closure in all cases studied. 


tThe interval hetwcon pulmonic closure and tlic hcglnninfr descent of tlie V-tvave 
measures approximatolj' tlie duration of the isometric relaxation phase of the right 
ventricle. The normal range is 0.0 G to 0.13 second. Tliercfore, in Cases H. P., JI. R-. 
L. H. and W. W., the first component must represent pulmonic closure. In Case R. B. 
the second component was found by its relation to tl>c carotid Incisura to represent 
aortic closure. Tims it would appear that in tliis case also tlie first component rep- 
resents pulmonic closure. 


Observations were made in 7 cases with the common type of bundle- 
branch block possessing split second sounds (Table V and Fig. lA). 
In. all of the 7 cases, the incisura bore a significant time relation to 
the second component of the split second sound and never to the first 
component. Similar studies have been made in other types of cases 
having split second sounds (with and without intraventricular con- 
duction defect. Pig. 7 B, (7- and D). In these cases, in contrast Avith 
the findings in the common type of bundle-branch block, aortic closure 
is frequently identified AAuth the first component of the split sound. 

The method used for attempting to identify pulmonic closure de- 
pends on the duration of the isometric relaxation phase as measured 
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from the second heart sound to the beginning of descent of the V-wave 
in the optically recorded pulse from the veins just above the right 
clavicle. AYiggers^' states that the isometric relaxation phase can be 
determined by measuring the interval between the bottom of the in- 
cisura of arterial pulse and the beginning of the V-wave drop in the 
venous pulse in the neck. Since the first depends on left ventricular 
and the second on right ventricular action the interval between them 



; ^ o 
;§£ 
j w ® 




O 


c 
. o 

'O o 
« 
O V 

4-» 

mg fcB 

-4-» o r- 

C o 
o c 
C 

2. be 
Poo 
2 

® c 
5 cj 
o ^ S 


o 5 
c o 

-^.2 a 

Sor: 

sis 

Mg'” 

o rt « 

£ ><S 

Ti V 

o'? o 

c 
o 


O y 


02 r-i 
<L. 'CJ . 
ri C 
o 2 ■ 
^ o 
02 , 
O 

%’i 
?8 
d ¥ 


on 

^ Cl 

w 


o o 


T 03 o 

c. o 
m ^ o 
o rt 


o ' 




4>> 4^ 

® o 
O O 

Sc 

O 

ug 
.£ o. 

£ S 
B, o 

o ^ 

2§ 
E o 

fcH q; 
03 


^ o w 

4-» o*r 
c 

O C, r; 
W C £ 

" Sc S 
r* o c o 
B o i, § 
o o 

^ S c; 


O y o 

""og 

.4J « 

C> c g 

O O 
t- c ^ 

. ® 5 

ti S' o 
8 c 


* o o 
her: 


o 

! 


o£ 
x: e 

*T- 03 
p p 

^ 5. 
o o 
.C 2 




t- 8 c ' 
o 

m ^ 


" s 

C 2 
f-f- 

^ £ 
• rt 
Pw 


ti)"'- oi, 

liit 

~usSs 
2 


oz 


.S'n S 


r: ojc 

c ® (rj 1 

O g « i 
^.2 2’ 

I 

S-c I , 

E-i 'y~' 
! r= 

I.c-I ~ I 
c , 

tf-S'? i 
S I O I 
c 

X e I* 


C m 

SS 

t-» O 
) osi 

c 
^ o 

Is 
£2 
St: 
.= S 

.c 

t£ - 


V> g 

m o -- 
2 o'T 

O w* 

0 m > 

01 

a Kjs o 

v© c 

00«i-.- 

Sr- ® 

■3«1' 

o O £ 
O .2 


2 g c 

f 8 = 

i"S 

g2S 

« j -^8 

£ 

“g§ 

^ O o 

dis 

I'-C 01 

tiSo 
fT m a 

.£„8 

' c 5 

> o “ 

o-“a 

"m > O 
^ #c 

03 r- 


c 

o 

JS c 

-M O 

'«c 
o fc 

W o 
ci o 
o 

2 : 

o c: 

rO 

O 

.££ 

c 

fe a 


rt cj 
fe o 


c 


tc c 
w o 

c-5 


O ; 


o> 

c; o 
o — 


I U2- 


o o 
c u 
c rt 
m o 
o 

o S 


, o 

I m 


I m*— C, 
', o C ri 

i aS o 

• 00 ^ 

I c m o 


m<iy be regarded as an index of the isometric relaxation phase only 
wlien aortic and pulmonic closure are synchronous. Since Katz^® has 
shown that these events are usually a.synchronous in dogs, and the 
fi-eqnency of split second .sounds suggests that they are often asyn- 
chronous in human beings, the accuracy of the method used by Wio-. 
gers IS not established except for cases with single second sounds. ° 
In a previous report-’ we presented data on the duration of the 
isometric relaxation phase as measured from the second heart sound 
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(1) to the beginning descent of the V-wave and (2) to the opening 
snap in mitral stenosis. It -was found that cardiac rate is a factor in 
the duration of the isometric relaxation i^hase. At ordinary heart 
rates, the duration of this phase tended to fall in the range of 0.07 to 
0.12 second with outside limits of 0.06 to 0.13 second. In the presence 
of extreme tachycardia, the interval may be as short as 0.04 second 
and in marked bradycardia as long as 0.19 second. Another fact which 
emerged from that study Avas that when the second heart sound is 
single, in cases of mitral stenosis -with tine opening snap, the begin- 
ning descent of the V-wave (which marks the end of the isometric 
relaxation phase of the right ventricle) tends to fall at the same in- 
stant as the snap (which marks the end of the isometric relaxation 
phase in the left ventricle). Ho-\vever, when the second sound is 
definitely split, the descent of the V-wave begins either before or after 



Pig-. 9. — Case R. J. (Tables II and IV, also Fig. 3 C). The relationship of the 
diastolic murmur of aortic regurgitation to the second heart .sound in the coninion 
type of bundle-branch block. The murmur is continuous with the second component 
except in extrasystoles with the main QRS complex oppositely directed to the 
rhythmic beats. In the extrasystoles the murmur is continuous with the beginning 
of the second sound. The time of the carotid incisura (obtained from Pig. 3 C) is 
shown on the last two beats of the top strip. This point should follow the beginning 
of aortic regurgitation by approximately 0.02 second. 


the opening snap, indicating that under these circumstances, the 
isometric relaxation period does not tend to end synchronously in the 
two ventricles. 

The time relations of the V-ivave in the optically recorded pulse of 
the veins just above the clavicle ivere compared with the two com- 
ponents of the split second sound in the common type of bundle-branch 
block in 5 eases (Table V). In each case, the interval between the 
first component of the split second sound and the descent of the 
V-wave falls within the customary range found when the second sound 
is single. In 4 of the 5 cases the interval from the second component 
of the second sound ivas shorter than that of isometric relaxation 
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phases recorded at comparable heart rates (Fig. 8), and in the fifth 
case (R. B.) both components of the second sound fell within the sig- 
nificant range (0.06 and 0.12 second). 

From these data the following may be said regarding the common 
type of bundle-branch block: Avhen splitting of the second sound is 
recorded, the first component is due to pulmonic closure and the second 
component to aortic closure. Therefore, ejection from the right A’’en- 
tricle ends earlier than that from the left A’^entricle. According to the 
intervals recorded betAveen the tAvo components of the second sound 



OR^' ‘^ortic reEiiri?it;Ulon tuiC vcnlriculav exlriisy.^^tole.s wiUi main 
Ui..- (loficcuons upward in Lead I and downward in Load III. 

.-1, ElectrocardioEraphic Leads I, 11 and III. 

rcfnmRitatlon. its position beinir nSd br.midon 

This point wlilcli Fhould follo\%' tlic bcrinni'nir of ^ ^vavo CarrowK). 

1’“ rr "I"'""' =.„„r«xi„.„, 

C..iv« in 'telnv In tl,n ..non. 
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in our cases, ejection ended on tlie right side from 0.03 to 0.09 second 
before it ended on the left. The conclusion that in the common type 
of bundle-branch block, aortic closure tends to follow pulmonic closure 
may be further tested by studying cases with vahmlar lesioiis which 
produce mui-murs or sounds having a definite relationship to aortic 
closure. 



"We have had the opportunity to make fairly complete studies in 
one case with the common typie of bundle-branch block and well- 
developed aortic insufficiency (Case R. J., Tables II and IV). It is 
well known that the murmur of aortic insufficiency is either practically 
continuous with or replaces the aortic second sound. It was noted 
in this case, both by auscultation and by sound tracings (Pig. 9), 
the diastolic murmur Avas continuous with the second component of 
the split second sound. HowcA'er, Avhen A'cntricular extrasystolcs Avilh 
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the main QRS deflection dowmvard in Lead I occurred, the mumnur 
was continuous with, the first component. These findings indicate that 
in the beats exhibiting the common type of bundle-branch block, the 
second component of the split second sound was identified with aortic 
closure. 

Studies of a similar nature were made in a patient exhibiting aortic 
insufficiency, intraventricular conduction lime within normal limits 
in sequential beats, and occasional ventricular extras.ysloles with QRS 
complexes, upward in Lead T, and downward in Lead III, somewhat 
resembling although not identical with tliose found in the common 
type of bundle-branch block (Pig. lOvl). It was found in the sequential 
beats that the carotid pulse and the C-wave obtained over the right 
jugular vein began 0.08 second after the initial wave of the QRS 
complex (Fig. 10 G and T)). Sound tracings showed that the diastolic 
murmur due to aortic insufficiency was practically continuous Avith 
the second heart sound in tlie sequential beats (Pig. lOR). In the 
extrasystolie beats. hoAveA’er. the carotid pulse was delayed, beginning 
0.16 second after the initial waA'e of tlie QRS complex (Pig. 10(7), 
although the venous C-Avave maintained the same time relations of 
0.08 second to the QRS complex as it did in sequential boats (Pig. 
lOD). Purthermore, in the premature beats the diastolic murmur 
did not folloAv immediately after the second sound but there was a 
gap betiveen them of 0.09 second. It would therefore appear that in 
these extrasystolie beats the delay rvas limited to the left side and 
that the extrasystoles must have originated in the right ventricle. 

In mitral stenosis the opening snap is associated with the attempt 
of the crippled mitral vah’e to open.-'’ It is therefore closely related 
in time to the end of the isometric relaxation phase of the left Amn- 
tricle. It bears a definite time relation, in any grten case, to aortic 
closure, being uninfluenced by relative shifts in the position of pul- 
monic closure. Thus, the component of a S2fiit second sound Avhich 
represents aortic closure can be identified in certain cases of mitral 
stenosis by this time relation, as Avell as by the inci.sura of the carotid 
]>ulse. In our one case of mitral stenosis Avith the common type of 
bundle-branch block, both methods shoAved that the second component 
of the split second sound Avas aortic (Fig. 11). In one ea.se until ven- 
tricular extrasystolcs having complexes homologous to those of the 
common type of bundle-branch block, aortic closure in the extra- 
•systolie beats Avas represented by the second component of the split 
.‘■ccond sound.-'- In another case Avith extra .systoles of the opposite 
tyjic. aortic closure in Die ex{ra.‘^ys{olic beats Avas represented by the 
first comj)oncnt of the s^ilit second sound."*'! 

‘FifT. (I. .strip I-A in r. ff-r. iicn e.A. 

tl'iir. r,. Strip r, in rt fri t ni-n 2X 
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In control cases with widely split second sounds, whether or not 
intraventricular conduction defect be present, the time relations be- 
tween the two components of the second sound and the beffinnin^ 
descent of the V-wave show that in some of these cases, in contrast 
to the findings in the common type of bundle-branch block, the second 
component reiDresents pulmonic closure (Fig. 8B). 

SUMMARY 

Graphic studies of comparable time relations of certain events asso- 
ciated with the heartbeat in the common tj^pe of bundle-branch block 
and various tjTpes of control cases reveal the following: 

1. A systolic bifid apex impulse can be recorded in some, but not 
in all, eases of bundle-branch block. It may also occur in cases with- 
out bundle-branch block. These facts should be considered in assess- 
ing the diagnostic value of the systolic bifid apex impulse and indicate 
that it cannot be regarded as reliable evidence of the presence of 
bundle-branch block. 

2. Comparison of the interval between the beginning of the QFS 
complex and the beginning of the carotid pulse wave in eases with 
bundle-branch block, in normal controls, and in cases with cardiac 
decompensation, indicates that e.iection from the left ventricle is sig- 
nificantly delayed in the common type of bundle-branch block. No 
comparable delay is observed in cases of cardiac decompensation Avitli- 
out intraventricular conduction defect. EAudence is presented to es- 
tablish the fact that the delay is associated Avith the particular type 
of aberrant spread of the excitatory process which occurs in the com- 
mon type of bundle-branch block. 

3. Comparison of the intervals betAA’^een the beginning of the QES 
complex and the beginning of the C-AAmAm I’ecorded from the veins 
immediately aboA^e the right clavicle in cases of the common type of 
bundle-branch block and normal controls shoAvs no significant delay 
in bundle-branch block. This finding suggests, although it does not 
definitely proA’^e, that in the common type of bundle-branch block there 
is no significant delay in the contraction of the right ventricle. 

4. Roentgenkymographic tracings of the aorta and pulmonary artery 
were made in 6 cases Avith the common type of bundle-branch block, 
2 cases with other types of inti*aventricular conduction defect and 
split first sounds, 8 normal controls Avith single first sounds, and 6 
cases Avith split first heart sound, but Avithout intraAmntrieular con- 
duction defect. The time relations of the aortic and pulmonary arteiy 
pulses were compared. The results Avere as fo]loAA’’S: (a) In the com- 
mon type of bundle-branch block, the interval betAveen the beginning 
of the QRS complex and the beginning of the aortic pulse Avas sig- 
nificantly prolonged in each case, (b) In the normal controls Avitli 
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single first sounds the differences in time between the beginning of 
tlie aortic and pulmonary artery pulses fell within the limits of error 
of the method, (c) In the cases with split first sounds, both with and 
without intraventricular conduction defects, the differences in time 
between the beginning of the aortic and pulmonary artery pulses 
tended to be greater than in the control eases with single first sounds. 
Tn 2 cases the differences were as great as those observed in- bundle- 
branch block. However, in one of these two cases the aortic pulse 
preceded the pulmonic; whereas in all cases of the common type of 
bundle-branch block, the pulmonary artery pulse preceded the aortic. 

5. All the findings support the hypothesis that in the common type 
of bundle-branch block there is asjmehronism in the beginning of ejec- 
tion from the two ventricles due to delay on the left side. The evi- 
dence also indicates that in some, possibly all, cases with split first 
sounds but without inti’aventricular conduction defect, there is asyn- 
chronism in the beginning of ejection from the two ventiucles. 

6. The association between asynchronism in the beginning of ejec- 
tion from the two ventricles and splitting of the first heart sound ; the 
correspondence in the intervals between the two components of the 
sounds and the degree of asjuiehronism ; and the relationship of the 
arterial pulse to one or the other component indicate that (1) the split 
first sound has a right ventricular and a left ventricular component, 
and that (2) separation of these components is due to asynchronism 
in certain of the early phases of cardiac contraction in the two ventricles. 

7. Splitting of the second heart sound can be heard on auscultation 
and recorded in most cases with bundle-branch block. It is also fre- 
quently present in cases without evidence of cardiovascular damage. 

8. It can be proved by the following methods for identifying aortic 
and pulmonic closure that splitting of the second heart sounds is due 
to asjTichronism in closure of the two semilunar valves, (a) "When 
the second heart sound is split, the component associated with aortic 
closure can be identified by its time relation to the incisui’a of the 
carotid artery pulse, (b) When the sound is md-ely split, the com- 
ponent as.sociated with pulmonic closure can be identified by its time 
relations to the beginning of the descent of the V-wave recorded from 
the veins above the clavicle, (e) When either the diastolic murmur 
of aortic insufficiency or the opening snap of mitral stenosis is present, 
additional methods for confirming the identity of the components of 
the second sound may be available. 

9. In the common t\*pe of bundle-branch block, pulmonic closure 
usually precedes aortic closure. Occasionally they may be practically 
synchronous. 

10. In cases witli split second sounds but without intraventricular 
conduction defect, either aortic or pulmonic closure may come first. 
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11. All the evidence obtained in this study is in accord with the 
hypothesis that the common type of bundle-branch block is due to 
delay in spread of the impulse on the left side. The view held by 
Bppinger and Kothberger, and Lewis is no longer tenable. No sup- 
port was obtained for the statement that it is unjustifiable to attempt 
to localize the side of bundle-branch block from the direction of the 
major initial complex in the three limb leads of the electrocardiogram. 
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A NEW jMETHOD FOR THE RECORDING OP HEART SOUNDS* 

Myron j\I. ScnwARZScniLD, j\I.A., and jMilton D. Peltenstein, M.D. 

New York, N. Y. 

S INCE lieart-soiuicl registration has thus far failed to correspond 
with auscultatory findings, most clinicians have taken little inter- 
est in these investigations. Clinical cardiology is based primarily ui5on 
the response of the human ear, and the various methods of recording 
heart sounds do not correspond to the obvious auditory impression. 
Thus, one often reads reports of heart-sound registration in which the 
autlior states that a particular recorded sound is inaudible. The pur- 
pose of this study has been to introduce distortion so as to duplicate 
mechanically tlie failings of the human ear. Anotlier difficulty in read- 
ing the graphs so far reported, re.sides in the impossibility of deter- 
mining Avhen a sound begins or ends, for the base line merges into the 
sound, which presents no sharp and easily recognizable distinction. 
Such records, therefore, do not fulfill their primary purpose, which 
is Ihe exact timing of the heart. 

It would be possible to construct a system of cardiology based upon 
the findings of the type of meehairical registration which we have just 
discussed. Such a system, however, Avould bear no relation to clinical 
cardiology as it is practiced today. We tmst that the following report 
Avill show that heart-sound registration can be made to correlate Avith 
clinical findings, and can be employed readily and Avith as much ease 
as electrocardiographic study for the elucidation of cardiac pathology. 

THEORETICAL 

There are numerous methods aA'ailable for the recording of sound 
in general and of heart sounds in particular. The features common to 
all such methods are (1) a receiver for the sound and (2) a recorder 
Avliich registers, usually by optical methods, the motion of some part 
of the recording apparatus. These devices have been comstructed so 
as to make the motion of the recorder or, more sti'ietly, the recording 
light-beam an exact reproduction, on an enlarged scale, of the motion 
ol the diaphragm or other suitable part of the receiA'er. It AA'as found 
early in the history of heart-sound registration that many murmurs 
could be recorded more clearly if distortion AA*cre introduced into the 
system in such a direction as to stress higher frequencies. The scale 
of enlargement was made to vary Avith the frequency of the sound in 
■sRcli a Avay that higher frequencies Avere enlarged to a greater extent 

'Enni th.' a. ii:n tin. Ills of Phy.sjcs .-in.l Mo.lj, ino. Isr.-n l HocpH.-il. 
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tliaii lower frequencies. Distortion is also found to be necessary if 
tbe apical impulse, wliicli is a strong mechanical vibration, but entirely 
inaudible, is not to appear in tbe record. 

Detailed analysis of tbe many pi-evious methods of introducing dis- 
tortion is unnecessary. Suffice it to indicate tliat tliey were usually 
of a haphazard nature, sometimes consisting of the introduction of a 
sideann opening in a recording capsule, at other times of the use of a 
transfoi-mer or condenser in an electrical recording system. But, to our 
knowledge, there has never been any quantitative requirement set on 
this distortion. 

It is the aim of this work to set up definite requirements for this 
frequency distortion. We require that tbe sound record be one readily 
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Fig. 1. — ^Th« amplitude I'ccordcd by a .'ound i>ro.'!.'!uro recorder of uniform frequency 
response to sounds of various frequency of the same loudness level (30 D B.. A.I.E.E. 
Standard) Electrical Engineering, Kovember, 1933, 52-11-p. 715. 



Pig. 2. — ^Relative amplification I'equired at various frequencies so that sound pres- 
sure records yield equal amplitudes for equal loudness level (30 D B) at all fre- 
quencies. 


interpretable in terms of the sounds heard by the ear, in order that 
the mass of clinical exiierience in auscultation may be applied without 
difficult 3 ’' to a heart-sound recoi’d. Our criteria must depend upon the 
typical response of a normal ear. Fig. 1 shows the amplitude of de- 
flection which would be registered by a distortionless sound pressure 
recorder responding to pure notes of low intensitj’- and of the same 
loudness, as judged by the average ear. It is evident that our require- 
ment may now be init into exact quantitative terms. Distoi'tion must 
be so introduced that the amplitudes of deflection for various fre- 
quencies are equal for the same loudness. The distortion must there- 
fore be of the type shown in Fig. 2. There should be no recorded 
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amplitude for vibrations of any magnitude of frequencj^ outside audi- 
ble limits and tbe magnifications must increase strongly witb increased 
freciuency up to about 3000 cycles, and then decrease to the upper 
limit of audibility. As a practical matter we may neglect all fre- 
cpiencies above 1000. First, there are practically no important heart 
soimds of dominant frequencies above this point ; and second, the speed 
of the film necessary to record higher frequencies would produce a 
record of unwieldy length. 

We have constructed a recorder in fair approximation to these prin- 
ciples. It consists of (1) an electromagnetic receiver which is strapped 
to the patient, (2) a high gain amplifier in which, by appropriate 
choice of circuit constants, the necessary distortion is introduced, and 
(3) an electromagnetic oscillograph throwing a moving light-beam 
into the camera slit of an electrocardiograph, also connected to the 
patient. Because of difficulties which we hope to remove in the future 
it has been impossible to introduce quite as much distortion as is theo- 
retically required, but our existing apparatus represents a reasonable 
approach to the ideal. 

In viewing the records, another factor of great importance must be 
considered. The ear, like other sense organs, is characterized bj^ a 
logarithmic response. That is to say, sounds differing by equal sensa- 
tion differences, possess amplitudes differing not by a constant amount 
but by a constant factor. For example, if four sounds differ bj’ equal 
sensation level differences and the recorded amplitudes of the first 
and second are respectively one and two millimeters, then the third 
and fourth will be represented by amplitudes of four and eight mil- 
limeters respectively. Consequently, records represent relative loud- 
ness of different sounds only in a very qualitative way. These devia- 
tions from what might be termed a true auditoiy record are inherent 
in all the methods of recording and cannot be obviated by any pure 
frequency distortion. There is, hoAvever, a way of overcoming these 
difficulties by means of a method which we expect to report in the 
future. 

In spite of all the deviations of the present .system from the ideal, 
(he improvement upon all other methods is marked. We do not record 
the inaudible low frequency vibrations so evident in the records of 
other experimenters. We have had no case of recorded sounds which 
on careful auscultation could not be heard, and we have recorded all 
audible sounds. Our records have this in common with an.r .system 
liiat they enable mucli moi-e accurate conclusions, based on timiim to 
be drawn than the iinaided .sense organs permit. 


PROCEDURE 

Ihis mctliod of heart sound registration is extreinely simple. All 
that is required is a stationary set-up which is more or less perraa- 
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nently adjusted, and a quiet room. The microphone is strapped to the 
patient’s chest. He is instimcted to hold his breath during the record- 
ing, which takes fifteen to thirty seconds. The entire procedure con- 
sumes no more than five minutes and is performed with no discomfort 
to the i)atient. The apparatus is not fragile and easily permits one to 
take eight or nine records in an hour. 

Base Line . — The ideal base line would be a solid streak without yi- 
brations which would facilitate enormously the legibility of sound 
registration. Apparently, this is extremely difficult to obtain in an 
electrical circuit with the high amplification required. It will be noted 
.that our records show a base line consisting of a uniform frequency 
and amplitude. With practice in reading, one is soon able to observe 
the slightest irregularity in this line. Hence, the beginning of the 
heart sounds can be timed with precision. The instant of change from 



Si Sa 


Fig. 3. — Iilale, twenty-six years old, normal heart. Sounds at apex. Serrated first 
sound and second sound. No murmurs. Record Si begins on terminal portion of down 
stroke of R-wave, dur.ation 4/.50 sec. Begins witli two low amplitude vibrations, fol- 
lowed by higher amplitude, higher frequency element, ends witli gradual decrescendo 
of lower frequency. 

Si begins at end of down stroke of T-wavo, duration 2 /.t 0 sec. Begins with mod- 
erate amplitude and high frequency, followed by higlier amplitude and higher fre- 
quencji- element, ends witli fast decrcscendo of lower fi-equency. 

Si, first sound at apex ; Si, second sound at apex. 

Note: The “serrated" first sound is caused by the marked changes in frequency. 


the base line is independent of the recording amplification used, al- 
though naturally the larger the amplification the more obvious the 
change. 

Artefacts . — ^Numerous artefacts will appear in records. They are 
determinable largely bjr their irregular distribution and lack of 
rhythm. They are produced in the following ways: (1) breathing 
of the patient (the patient is cautioned to hold his breath while the 
film is running) ; (2) tension of the chest and mxiscles (if the patient 
does not hold his. body in relaxation, irregular sounds are produced) j 
(3) extraneous sounds (-the extreme sensitivity of the mechanism re- 
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spends to all sorts of noises in the environment such as vibration of 
the building, distant noise, borborygmus, etc.). 

CHARACTERISTICS OP THE FIRST AND SECOND HEART SOUNDS 

Time— In these records the first heart sound begins simultaneously 
with the down stroke of the E-ivave of the electrocardiogram. It 
never begins sooner than the apex of the R-wave.* Hence, any sound 
registered before the apex of the R-wave would be diastolic in time. 
The second sound occurs simultaneously with the second half of the 
down stroke of the T-ivave. 

Duration . — ^In our series, the first sound varies between 0.04 and 0.12 
second. Any sound longer than 0.12 second includes a muinnur. The 
second sound lasts 0.04 to 0.06 second. 



Pis’. I. — Male, thirteen year.s old. Catarrhal Jaundice. Normal Heart. At apex 
are heard a split first sound and a second sound. No murmurs. 

Record Si begins at lower tliird of down stroke of R-wave, duration 4/50 sec. Si 
begins abruptly with high amplitude and high frequency, is definitely split, the second 
part of the split sound being of liigher amplitude, ends with a decrescendo of lower 
frequency and amplitude. 

S: begins at Uio end of the down stroke of the T-w.ave, dur.alion 2/5)0 sec. Begins 
abruptly with liigh frequency and high amplitude, ends with a slight decrescendo. 

Si, first sound at apex ; S: second sound at apex. 


Frequenexj . — The fretpieiicies of the sounds are mixed. By means of 
a measiu-iug microscope we have been able to determine the frequency 
of each oscillation of the graph. We find a large range of frequencies, 
and are reporting only the dominant ranges in this paper. The domi- 
nant frequencies range between 50 and 300 cycles a second. The first 
sound generally shows one to three low amplitude, low frequency 
A'ibrations (about 50 per second), followed by a higher amplitude, 
higher frequency component (100 to 300), which is in turn followed 
by a d ecrescendo usually of lower frequency than the major eom- 


oxpl aunt ion for fho apparent ..^igninc.-ineo of the apev of the T? 
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ponent. This last corresponds with the auscultatory finding, for gen- 
erally the first heart sound has a clearly deerescendo ending. The 
second heart sound generally starts abruptly with high amplitude and 
without preliniinai'y low amplitude components. i\Iost frequently it 
ends abruptly as it has begun, though occasionally there is a decre- 
scendo finish. 

Figs 3, 4, and 5 illustrate the various points. 



Pig. 5. — Male, tliirteen years okl, with active rheumatic fever. Over ape,\ is heard 
a long systolic niurniur in wlilch tl*e ar.st sound cannot bo distinguished. Part of 
systole is occupied b.v a loud musical murmur. The systolic murmur is continuous 
with the second sound, and after a sliort diastolic interval a diastolic murmur is 
heard. There is no presystolic element to the diastolic murmur. 

Record Si begins on the down stroke of the R-wave, and is continuous with a long 
systolic murmur occupying all of systole. This in turn is continuous with the second 
sound. Then there is a noiseless interval for 2/i»0 sec. followed by a diastolic mur- 
mur lasting 5/50 sec. Presystole is free of sound. 

Note; A musical murmur of very high frequency and amplitude occupies part of 
systole. 

Si, first sound at apex. ; SM, sy.stolic murmur : M, musical murmur ; S;, second 
sound at apex; DM, diastolic murmur. 


SUMMARY 

We have presented a new type of recording apparatus which possesses 
distortion simnlating that of the luiman ear. This permits strict cor- 
relation between clinical cardiology and phonocardiographic records. 
In addition tve have established an even base line which jiermits ac- 
curate timing of the beginning and end of heart sounds. The funda- 
mental characteristics of the first and second sounds are described. 

We suggest that further phonocardiographic studies be performed 
along these lines. This may be exiiected to yield more fruitful results 
than has hitherto been possible.* 

Our thanks are duo to Dr. Marcus A. Eothscldld, without whose enthusiasm and 
assistance this study could not liave been undertaken. 

‘Since offering this paper for publication, our attention bas been called to the work 
of Posener and Trendelenburg (Ztschr. f. Ki-eislaufforsch. 21: 15, 1929) who employea 
a principle quite similar to that offered here. To our knowledge they have not de- 
scribed their technic in detail. 
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Arthur C. DeGrapp, M.D., and Claire Lingg, M.A. 
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introduction by ALFRED E. COHN, M.D., NEW YORK, N. Y. 


A FOEEWORD to these reports of Dr. DeGrafE and Miss Lingg would 
scareel}'^ be necessary were it not that consciously in their in- 
vestigation a method of analysis was utilized, the power of which for 
their purpose is sometimes not fully realized. Though a foreword is jDer- 
haps unnecessary, there are implications in their study to "SYbich atten- 
tion may, nevertheless, be profitably directed. A method is wanted in 
analyzing events in the course of long-drawn-out diseases which is 
not essential in studying the brief illnesses of infectious origin, to 
which attention has been so predominantly directed these two or three 
generations past. The association of lesion with structural defect, of 
form with function, is readilj’’ established in diseases of bi'ief duration. 
The changes in the lungs in the course of lobar pneumonia, at least 
in their superficial aspects, are well known, though many pi'oblems 
no doubt remain to be solved. These diseases are attended further- 
more by so many unequivocal signs and symiitoms as to render rela- 
tively simple and transparent their dependence on the temporary altera- 
tions in structure which underlie them. How to arrive at an understand- 
ing of average beharior is, moreover, more or less appreciated by those 
who have concerned themselves ivith the effort to estimate the sig- 
nificance of these correlations and have attempted to weigh the influ- 
ence of therapeutic agents on the course of these diseases. ALL this is, rela- 
tively speaking, simple ; what are generally regarded as phenomena rele- 
vant to an illness occur so quickly that to witness the events of an in- 
fectious disease from its beginning to its end is a common experience 
to many observers. 


The situation in the case of chronic diseases, which should in many 
eases n o doubt be designated preferably diseases of long duration, is 

U'iPartmcnt of Tliempeutics, Univer.-slty .nnd Bellevuo Hospital Medical 
Collep of Neu- York University. Third Medical DIvi.sion of Bellevue Hospital in d tiro 
He.-irt Committee of the -New York Tuberculosi.s and Ho.-Uth As.^ociatlon ’ 

•n the Stati..tical Studie.s Be.-uin^ on Problems 
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very different. R-lieumatic disease of tlie heart is such a one. It is 
not often the opportunity of individual physicians to follow cases of 
this sort from onset to termination. Yet for many reasons, to do so 
is indispensable if knowledge of several sorts is to become available. 
That this disease is one, extending from what is frequently its stormy 
febrile beginning to an end having little apparent. formal relation to 
it, required the observation of many decades to suggest. The fact 
seems now firmly established that there is a form of cardiac disease 
of which individuals die many jmars after the original rheumatic 
affection which occasioned it has completely disappeared. . But what 
is scarcelj'' understood is the fate of individuals in the intervening 
period and how long this period endures. Studies like this by Dr. 
DeGraff and Miss Lingg are, to all intents and purposes, pioneer works 
in elucidating the facts. In order that the facts should emerge, it was 
necessary to apirlj’- to them carefullj’- defined terms, bearing on a variety 
of phases of this ailment. Once awareness was established of the 
phenomena which require recognition so as to measure the course of 
events unequivocally, clarity began to dawn. The duration of the 
various phases of rheumatic cardiac disease is becoming known. For 
this purpose the value of mathematical analysis has been learned. The 
error is often made that, in this connection, the use of statistical 
methods is an end in itself. Nothing can be further from the facts. 
Actually, the method is merely an instrument employed in the inter- 
ests of description of the natural phenomena. But as an instrument 
it is invaluable, as these studies, and so many others in widely differ- 
ent fields of inquirj'', amply demonstrate. 

If it were not important to learn the history of this disease and 
of its various stages, first on its own account and second in order 
to judge of the health of patients and their ability in each of them, 
it Avould become of prime importance, nevertheless, to acquire this 
information in order to aiopraise the success of therapeutic procedures. 
Whoever has had experience in making such estimations knows the 
numerous logical difficulties iuAmlved.in arriving at conclusions, CAmn 
in simple situations. When the difficulties multiply, as thej’- do in the 
case of diseases naturally of long duration, the complexity of analysis 
obviouslj^ increases. In any therapeutic entei’prise in such situations 
almost the first question that requires answer concerns the influence 
of agent or procedure on duration, either of the disease as a AAdiole or 
of any one of its phases. It makes a difference, furthermore, in AAdiieh 
phase therapeutic interference is attempted. A second almost equallj^ 
important question relates to the effect on the state of the patient's 
health in any one of the seA'^eral phases of their illness. It is not a 
matter of indifference Aidiether it is in the first or the last phase of 
so complicated a process in Avhich a remedy is applied. ■ It may matter. 
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fuTtliennore, wlietlier a consequence o£ instituting a procedure, an 
operation to excise the thyroid gland, for example, is a relief of dis- 
ability or one which, although it does so, hastens on meanwhile the 
moment of the inevitable end. Other things being altogether equal, 
patients will wish pei’haps to choose which is a preferable course for 
them. 

The results of the present studies and of other similar ones which 
show so clearlj^ the course of events in rheumatic cardiac disease and 
define so precisely the duration of each of its phases must, it seems, form 
the basis hereafter in appraising the success of any influence which is 
brought to bear upon it with the view to its modification. That the 
observation of many cases, each exaetl3>- studied, is necessary and the 
whole procedure of analysis difficult and time eonsruning is merely 
to state an inescapable fact; in no other way, in all likelihood, are 
convincing answers to be secured to problems which require urgently 
to be solved. 


I 

T O DESCRIBE rheumatic fever, especially its cardiac phase, is diffi- 
cult because of its long duration. No one sees its beginning, mid- 
dle, and end. Since the process of the disease is continuously active, 
an anatomical evolution takes place which it is extraordinarily difficult 
to reeonstinict. To obtain a complete description, evidence of its various 
stages must be assembled piecemeal. 

The problems presented by the extremelj'- variable manifestations 
of rheumatic infection, particularlj’- cardiac, make it necessary to study 
this disease from several points of view. Only by following this course 
can a proper description of its natui*al history, extending as It does 
over many years, be secui'ed. The description must be based on three 
tjqrcs of analj’sis. 

First, its onset must be exactly known, and for this reason the types 
of initial infection, their incidence, their severity and certain other 
attributes, supplemented by bactei-iological and immunological studies, 
must be described. 

Second, the lesions must be desci-ibed. These can now be identified. 
AVith this knowledge and the evidence from case histories, it may be 
possible to reconstruct the anatomical coui’se of disease; though an 
account of the intermediate stages cannot escape being rmcertain and 
fragmentary. 

Third, patients must be observed throughout the course of the dis- 
ease. To be successful the obseiwations must be recorded so that thev 
can be properly analyzed. Accurate description of this sort is the con- 
tribution which the Heart Committee of the New York Tuberculosis 
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and Health Association^ is attempting to make. Since the facts deal- 
ing with the initial lesions and with the histological changes cannot 
always be secured, it has seemed advisable to lay emphasis on de- 
scribing, as well as this can be done, the course of the disease. 

For completeness of description all three methods are necessary. 
The use of the first facilitates recognition of the disease; the second 
establishes its anatomical criteria; and the third forecasts its course. 

THE SAMPLE 

A study of 1,633 cases of rheumatic heart disease was made.* The patients in- 
cluded were observed during the ten-jmar period 1921-1931. At the end of that 
time 644 (39.4 per cent) had died, 609 (37.3 per cent) were still living, and 380 
(23.2 per cent) could not be traced. An analysis of the histories of the 644 dead has 
been completed and is now presented. 

In a study of this nature success depends, as lias been said, on the continuous 
observation of a large group of patients over a period of years. Loss of the records 
of many patients destroys the value of the sample remaining. The small group re- 
maining is not necessarily representative of the total one. Failure to observe this 
simple principle is responsible for serious defects found in medical literature.! 

The attempt was made to obtain after-histories of patients who could not be kept 
under continuous observation.! Many were traced and many were reexamined. Of 
others, interval histories and records of intercurrent illness and of treatment ad- 
ministered elsewhere were obtained in the uniform records kept in the lieart clinics 
of New York City.i l^Iany were traced through death certificates filed with the 
Bureau of Eecords of the Department ofi Health.^ By all these means, in the total 
group of 1,633 patients the fate of 73.3 per cent was learned; 80.7 per cent of those 
in the clinic, 71.3 per cent in the hospital ward, and 66.6 per cent of the private 
patients. 

Those patients who were victims of a rheumatic infection but not subsequently of 
cardiac. involvement are not included. Coombsz pointed out that 25 per cent of 
his rheumatic patients apparently recovered completely and showed later no clinical 
evidence of heart disease. Morses found an even higher percentage (37 per cent). 

The etiology was recorded as “unknonm” in 193 (30 per cent), but mitral 
stenosis developed, nevertheless. Examinations post-mortem as well as clinical 
observations suggest that the etiology was rheumatic, though the initial infection 
must have been so slight as to have passed unnoticed. There is little evidence to 
support the view that mitral stenosis in the younger age groups can occur other- 
wise than in rheumatic infection. These patients are therefore included in this 
study. 

♦The basic facts are derived from observations of patients in the adult cardiac 
clinic of Bellevue Hospital, the Third Medical Division of Believue Hospital and from 
private practices, recorded in a uniform manner on the ciiarts provided by the Heart 
Committee of the New York Tuberculosis and Health Association, or, rarely, on the 
progress sheets of Bellevue Hospital. The practices of Dr. John Wyckoff and of Dr. 
Arthur C. DeGrafC have been utilized for this purpose. We are .indebted to Dr. 
Wyckoff for the use of many records and for his supervision of our analyses in many 
cases. 

tFor the opportunity of continuous observation of patients we are indebted to the 
social service staff of Bellevue Hospital. 

tFor success in this effort we thank workers assigned to us by the Emergency Un- 
employment Relief Bureau. ' ' 

§We are indebted to the Department of Health of New York, N. Y., for permission 
to make searches through death certificates. 
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Sex . — Among adult patients different observers report a slight predominance of 
males in rheumatic heart disease; but if children are studied, the ratio of females 
to males is reported as aborit 2 to 1 (Table 1).~< The reason for the higher in- 

Table I 
Sex 



MALES 

FEMALES 

DeGrafC and Lingg (adults) 

55,8% 

44.2% 

Davis and Weissiz (adults) 

56.6% 

43.4% 

Cabot^ (adults) 

52.4% 

47.6% 

Coombsz (adults and cluldren) 

34.1% 

65.9% 

Wilson, Lingg and Croxford^ (children) 

38.8% 

61.2% 


cidence of females in a group of children than in an adult group is partly explained 
later when the age at initial infection is discussed. 

Incidence of Other Etiological Forms of Heart Disease Complicating Eheumatic 
Heart Disease. — In 94.5 per cent heart disease was purely rheumatic. In 2.7 per cent 
tlie rheumatic lesion was complicated by the presence of either arteriosclerosis or 
hypertension, or both. In only 6 instances was rheumatic heart disease complicated 
by cardiovascular syphilis. All of these presented, in addition to disease of the mitral 
valve, aortitis or aortic insufficiency with a history of lues, or both. 

Since patients nith rheumatic heart disease die young, cardiovascular syphilis or 
the so-called senescent forms of heart disease rarely complicate these cases. In fact, 
most patients afflicted with rheumatic heart disease die before they reach the age 
at which the other two diseases are usually recognized. No cases of congenital 
heart disease appeared, chiefly because of the fact that this study deals with an 
adult group. 

THE INITIAL INFECTION 


Of chief importance is knowing the date of the initial rheumatic 
infection. The particular form of onset is not significant, but the 
lesion was defined strictly in conformity with the criteria published 
by the Heart Committee.® When there was doubt, tlie etiology was 
classified as unknmvn. It is probable that in some eases the initial 
infection represented reinfection, that the actual initial infection oc- 
curred eai’lier but Avas slight and escaped notice, as when discovery 
of heart disease antedated the recognition of the initial infection. Tlie 
date of the fir.st rheumatic manifestation is, however, the only land- 
mark noAv available in describing the onset of rheumatic disease. 


Age. — The range of the ages at Avhich the first rheumatic manifesta- 
tion occurred Avas Avide, and spread from tAvo to sixty-three years 
(Pig. 1«). The greatest incidence occurred in the decade from 10 to 
33 yeai-s (39.6 per cent). The position of the mode at age 31 is par- 
ticularly striking since the mean age is 17 years. In order to bring 
years tlie initial manife.station occurred Avell beyond age 20 


“• Include only those ca.se 

m.inire.statlon of infection wa.s known. 


In wliich the date of tlio first 







464 


THE AMERICAN HEART JOURNAL 


in some patients. Eiglity-four and seven-tenths per cent were infected 
before age 30 and only 4.4 per cent after 40 years. Obviously rheu- 
matic infection is a disease of youth. Although a number of patients 
contracted heart disease in childhood, the series does not include those 
Avho died before they Avere old enough to appear in an adult clinic, 
usually 14 years. This must also be the case in the series reported by 
Grant,® in udiich analysis of the publislied case histories revealed a 
mean age at 18 and a mode at 10 years. By not including children 
Avho die before they are fifteen the mean age given for the occurrence 
of the initial infection is higher than it ivould be if all age groups ivere 
represented. Converselj^, it is loAver Avhen the sample excludes patients 
Avhose initial infection occurs after age 14. This is the ease in the 
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Fig. 1. — Age at first manifestation of infection. 

The curves in this and most of the subsequent figures were smoothed by the 
method of moving averages and tlie statistical values read from the smoothed curves. 



report published by Wilson, Lingg and Croxford,^ tvho give a mean 
of 8 years. In order to arrive at a true mean, an estimate Avas made 
of patients aaTio Avere excluded from this sample because they died 
before age 15.^' The result places the median at 14 years (Pig. 1 C). 
The mean at 16.8 is only slightly loAver than in the original cuiwe. 


*For this purpose Dr. Irving R. Roth was kind enough to allow us the use of 
data that he has collected in 598 cases of rheumatic infection in children ah Mount 
Sinai Hospital, New York. An estimate of the number of cases lacking because ot 
death before the age for admission to an adult clinic was made by using the follow- 
ing relationship, A:C::B:X, when A is the age of the Mount Sinai , patients alive 
after age 14 ; B is the age of ou'r series less those dead before age 15 ; C is tlie 
age of the Mount Sinai patients dead before age 15 ; and X is the calculated age oi 
patients who would have been included in our series had they not died before reacii- 
ing the age of 15 j^ears. 

Tlie value of X was determined for each age from 1 to 14. The data were added 
to the original distribution. The new curve (Pig. 1 C) now includes patients who, 
it is estimated, died before rcaclilng the fifteenth year. 
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but the mode is flatter aucl falls earlier, at 9, 10 and 11 years, closer 
to that of 8 years reported by Wilson, Liugg and Croxfordfl The 
chances of developing initial rheumatic infection are greatest in the 
age group 9 to 11 and decrease yearlj^ after that. At the same time 
the mean age at onset of rheumatic infection is not so early in child- 
hood as many pediatricians have supposed. It appears that, when a 
group is not confined to children, about 30 per cent develop their first 
infection beyond the adolescent jieriod. 

8ca ^. — The age at onset differs in the sexes. To about age 13 yenvs 
girls predominate over boys. From 13 to 28 years the incidence is 
about the same for both. Afterwai'd men are more likely to develop 
rheumatic infection leading to heart disease (Pig. 2). This may ex- 
plain the higher ratio of females among children, and of males among 

Vo 



Fig. 2. — Age at first manifestation of infection bj- sex. 


adtflts referred to above. It may also explain Cabot '.s‘ statement that 
Ihe disease seems to begin earlier in males, since his data represent 
chiefly older patients. 


DURATION OF DISEASE 

The virulence of the infection and the degree of myocardial damage 
lu'oduced are extremely important factors in the duration of the dis 
ease. Whether such factors can be measured is questionable. It is a 
common belief, for instance, that repeated attacks of rheumatic fever 
load to earlier fatality. Yet WilHus^ and, recently, Friedberg and 
Tartakower' found that there is no constant relation between the 
number of attacks of i-lienmatic fever and the time when death occurs. 
.\n attempt to find such a relation was abandoned wlicn no absolute 
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criteria for rheumatic activity could be established, nor could the 
degree of activity be classified. Even if these factors could be cor- 
rectly appraised, it is only over long periods of time in a home or in 
a hospital that the desired information could be obtained. These fac- 
tors then, although important, must be left out of consideration. 

The mean duration of life, from the onset of rheumatic infection to 
death, Avas found to be 15 years. Although some patients lived much 
longer, one as long as 58 years, such experiences are rare; 75 per cent 
lived for less than 23 years after onset (Pig. 3). It may be said, then, 
that a patient has only an even chance of living 12 years, and only 
one chance in five of living as long as 25 years after initial infection. 

The mean duration of life in this series is very much shorter than 
the 30 years estimated by Coombs.^ He analyzed tivo groups. His 
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Pig- 3. — Duration of disease. 
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first comprised patients seen very close to the date of onset and fol- 
lowed to an average age of about 25 years; the second, those tvho 
presented heart disease Atdien they first came under observation and 
who had reached at that time an at'^erage age of 25 years. By linking 
the first group to the second he estimated the duration of life to be 
30 years. It is obvious that such methods and conclusions are unsound. 
Willius,® using much the same technic as is used in this report, Avith 
a similarly constituted sample, arrived at a mean duration of life of 
14 years, Avhich compares AA’^ell Aidth 15 years in the series here pre- 
sented. 

Grant,® although he says that “it is apparent from this study that 
the outlook for patients suffering from AmHe defect is not so bad as 
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it is generally thonglit,” states that “within 10 years, 473 or about 
lialf the eases haA^e died.” A AA^ord should, perhaps, be said concern- 
ing Grant’s method of analysis, since AAdthout pointing out the dif- 
ferences betAveen his and our presentation, reference to his conclusions 
in comparison AAdth those presented in this report may lead to mis- 
understanding and confusion. 

In the first place, Grant’s sample consists of 1,000 ex-service men. 
It is limited to the male sex; it is limited to indiAuduals at or above 
the recruiting age, and therefore, like our sample, excludes those pa- 
tients Avith rheumatic heart disease that do not surAuve to adult life. 
It excludes also those avIio may haAm been rejected for military seiwice 
because of cardiac damage, the degree and its definition varying dur- 
ing the course of the Avar; being limited to ex-service men (none came 
under obserAmtion until 1919 AAdien the Avar AAms over), it excludes men 
Avho may haA’^e been recruited in spite of damaged hearts, and yet may 
not liaAm outliAmd the strain of military serAuce. The sample, then, is 
not representathm of rheumatic heart disease among males, as a Avhole ; 
it is not representative cAmn of adult males but is limited to the better 
risks in the class selected for study. One should expect naturallj’", 
therefore, to find in this group of patients a more favorable prognosis 
than is usual in this disease. 

In the second place, he relates prognosis not to any definite event 
in the coiu’se of the disease, but rather to the time Avhen patients hap- 
pened to come under his observation. This time, quite obviously, does 
not represent the same stage in the course of the disease in all patients. 
Statements made in his conclusions, such as, “Fifty-one per cent are 
knoAA'n to be alive”; “Forty-seAmn per cent are knoAvn to haAm died”; 
or “Auricular fibrillation, present originally in ten per cent, dcAmlops 
later in eight per cent,” liaAm, therefoi’e, little bearing, being related 
in his treatment of the problem to the time of Im contact Avith the 
cases, on the calculation of prognosis. 

In the third place, he states his conclusions in terms of A’ahmlar 
disease as a Avhole, in sjiite of the fact that this includes tAvo entirely 
distinct processes of disease, rheumatic as Avell as syphilitic. His state- 
ment that “in a fair sample of the adult male population of the 
country .... we see that aortic regurgitation is more common than 
mitral stenosis and that of all the valA'c defects syphilitic aortic re- 
gurgitation is the most frequent” is not in accordance Avith reported 
experience in this country, in Avliicli even among adult males rheu- 
matic valvular disease is more common than .s.A-philitic aortic insuf- 
ficiency. Grant classifies cases of mitral stenosis Avith or AAuthout aortic 
regurgitation, in the ab.sence of a definite history of rheumatic fever, 
hi a separate rubric “indefinite etiolog.A*,” cA'en though he belicA’es 
these eases to be rheumatic. If his table is rearranged and these eases 
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are included in the rlieuniatie rubric, it is mitral stenosis which stands 
out as a more frequent lesion than syphilitic aortic regairgitation. 

In studying prognosis Grant divides his eases according to etiology 
and, furthermore, accoi'ding to various valvular lesions or combina- 
tions of lesions. This metliod reduces the groups to such small num- 
bers that an estimation of prognosis becomes difficult. There is, how- 
ever, another difficulty; it is desirable to knoAv the difference in prog- 
nosis betiveen syphilitic and rheumatic heart disease ivithout regard 
to Avhich Arnh'^e is iiiAmlved. This analysis Grant has not made. Since 
lie has published summaries of his case histories, Ave have been en- 
abled to retabulate his data in order to make them comparable to 
those noAV presented. Subsequent references to Grant in this paper 
are based, for the most part, on our oaaui analyses of his data. These 
rcA'eal, among his deceased rheumatic patients, a mean duration of 
life of 19 years. Seventy-five per cent lived for less than 26 years. 
This someAAdiat longer duration of life than Avas experienced by the 
group noAV studied ma}^ be explained by the method of selection of 
his patients to AAdiieh reference lias already been made. 

A similar explanation may be apiilied to the re, suits published by 
Friedberg and Tartakower.*’ They gtye as a mean duration of life 
23 years after first infection in one grouii (63 cases) and 38 years in 
another group (29 eases) of patients that presented rheumatic heart 
disease both cliniealty and at autopsy. These groups include no pa- 
tients Avho contracted the disease before puberty, and the second group 
comprised not only partieularty long liA’-ed individuals, but also pa- 
tients Aidiose heart disease Avas discoA’^ered accidentalty, Aidio at no 
time experienced symiitoms of cardiac insufficienc 3 ^ Unfortimately 
thej^ did not publish the age distribution of these tAvo groups of pa- 
tients at the time thej’’ first obserA’-ed them. If, as is implied, they Avere 
beyond 30 years of age at that time, so that patients aaOio succumb to 
the disease before that age are excluded, a mean duration of disease 
Avould occur among them that is much longer than Avould be the ease 
if the sample Avere not so biased. The fact that the number of cases 
in these groups is so small and that the mean age at death is as high 
as 41.8 years, leads to the belief that our deduction is correct. In the 
series here presented, for example, 46 patients lived for 30 or more 
years after onset of infection (Fig. 3). If Ave computed the mean 
duration of disease in this group, it Avould exceed 30 years. 

The age at the time of initial infection has an important bearing on 
the duration of life. In general, the younger the patient at first in- 
fection, the longer is the interval before death (Fig. 4). This cor- 
roborates the experience re23orted by Willius® and by Friedberg and 
TartakoAver.® It is contrary to the experience of jDediatricians* AAdio 
report an unfaAmrable prognosis among children Avhen the disease 
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starts early. Sncli cases are, however, not inelnded in this sample. 
In vie\Y of these observations, inferences as to prognosis must not be 
drawn witliout considering the fact that with advancing age life ex- 
pectancy decreases even among normal individuals. This was also 
pointed out by Friedberg and Tartakower.'’ 

According to Cabot" the duration of i*heuinatic heart disease is 
shorter in men than in women. In this series, as also in the two 
groups studied by Friedberg and Tartakower,® there is, however, no 
dift’ereuce. The curves can almost be superimposed.* For males, the 
mean duration is 14.9 years, for females 15.0 years; the median is at 
12 years and the first quartile at 6 years for both sexes, and the third 
quartile at 22 years for males and between 20 and 21 years for females. 
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Figr, -1. — Duration of disease related to age at initial inrection. 

CAKDIAC IXSCFFICIENCY 

The date at which a patient affected with rheumatic fever begins 
to suffer from impairment of his heart is an important landmark. In- 
creasing fatigue and dyspnea on effort constitute the chief evidence. 
Olher causes such as anemia and tliyi-otoxicosis mu.st be excluded. The 

clinical phenomena are such as change a patient from Class I to IIA 
or 

Omci of — Symptoms of cardiac insufficiency were experi- 

eiiccd by nearly all patients (96.2 per cent). The mean interval be- 

•Spnoc Coos not porniii j)uI)Ucation of tlicfe curvo.«. 

tUroviiiciI. of course, that the functional difability -^v.a.a due to cardiac in.-^uaiclency. 
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tween the onset of infection and the first clinical evidences of cardiac 
insufficiency Avas 11 years. It is notcAvoi’thy that 22.9 per cent of the 
patients presented symptoms Avithin a year after the first manifesta- 
tion of infection (Fig. 5). In more than one-half the patients, the 
interval free from sj^^mptoms Avas less than 10 j’^ears. 

Analysis of Grant’s® records places the mean intei-Aml betAveen onset 
of infection and the beginning of cardiac symptoms likcAvise at 11 
years ; Romberg^® found it to be 7 j’-ears in tAvo-thirds of his eases and 
longer in the rest ; Friedberg and TartakoAver® 19.6 years in their first 
and 33.9 j'^ears in their second group. If, as Ave suspect, their series 
.are made up of the more fortunate survivors, this longer period of 
good cardiac reserA'^e may be explained. 
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Fi&. 5. — ^Interval between initial infection and onset of symptoms. 


As might be expected from the data already presented on the dura- 
tion of life, the older the patient Avhen he is first afflicted Avith rheu- 
matic infection, the shorter is the interAml before cardiac symptoms 
make their appearance (Fig. 5). 

There is a small group in AA'^hich symptoms of cardiac insufSciency 
occurred before the onset of initial infection (Fig. 5). It is possible 
that in these patients the symptoms AA'^ere not due to cardiac insuffi- 
ciency. On the other hand, it may be, as has been stated, that the age 
given as that of the initial infection is incorrect and preceded the age 
obtained. This is especially likely among individuals said to be in- 
fected after the second decade. In every case the attempt Avas made 
to find the earliest evidence of cardiac insufficiency. It is not likely 
that errors Avere made in many instances, for the interAmls betAveen 
the appearance of symptoms of heart failure and death AA'^ere short. 
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Once patients complained of symptoms of cardiac insufficiency, life 
expectancy was brief. The mean duration of life was five years. Fifty 
per cent died within from three to four years after symptoms first 
appeared (Fig. 6). 


% % 



Fig-. G. — Duration of life after onset of symptoms. 


0/0 



5 if-'. >. Interval between onset of symptoms and nr.st attack of heart failure. 

JIcnrt Failnrc . — Heart failure has been taken to exist Avhen the 
•\viiiptonis of cardiac insufficiency are so pronounced that patients are 
unable to do any work, but go to bed and remain tliere for some time. 
Heart failure may be due to many different causes, among them rlieu- 
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inatic infection itself. An attempt was made to ascertain the cause 
of failure in each case, but this was unsuccessful — ^probably because 
of the lack of proper criteria. 

About 80 per cent suffered at least one attack of heart failure (Fig. 
7). In general, patients began to experience attacks of heart failure 
about two years after symptoms of cardiac insufficiency had made their 
appearance. In the remaining 20 per cent either its occurrence Avas 
not recorded or the data Avere inadequate. Of the latter a fcAA’^ may 
liaA^e experienced heart failure before death. This group includes, 
hoAA’’eA’^er, those patients in AAdiom the natural course of rheumatic heart 
disease aa^s shortened by one of the fatal comiDlications, such as 
cerebral embolism, subacute bacterial endocarditis, or an intercurrent 
infection. 
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Fig-. 8. — ^Duration of life after first attack of heart failure. 


Duration of Life After First Attach of Reart Failure. — The mean 
duration of life after the first attack of heart failure aa^s three years; 
in 75 per cent less than five years (Fig. 8). On the basis of this ex- 
perience, the chances that a patient Avill be alwe one year after the 
onset of heart failure are even ; the chances that he Avill be alwe fiAm 
^mars are 1 to 4. The experience of Friedberg and TartakoAver® Avas 
similar to this ; the mean duration Avas 2.5 3’’ears, and one-thiiA of the 
patients Ihmd for only one year. When Grant® saj^s that prognosis de- 
j)ends on “the degree of cardiac enlai’gement and the grade of cardiac 
failure, as estimated first by exercise tolerance and secondly bj’" the 
presence of A’^enous congestion,’^' he says in effect AAdiat is pointed out 
here ; namely, that once a patient is in heart failure, his course is 
almost run. 
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DEATH 

A(jc at Death . — The mean age at death was 33 years, the median 
about the same and the interquartile range extended from age 23 to 
42 years (Fig. 9). Study of this group of 644 patients leads to the 
conclusion that although it is possible for patients to live for years, 
even beyond 70, three-fourths do not survive much beyond age 40, 
and about half are dead before 33 years. If patients contract the 
disease in adult life or survive the first two decades of life, death is 
most, eommon between ages 30 and 39 (30 per cent) ; in the first half 
of this decade 15.2 per cent died, more than in any other 5-year period. 
Only about 10 per cent survived the fifth decade (Pig. 9). This dis- 
tribution is practically the .same as that found by Cabot,' AVillius,^^ 



and Grant.® A study of Grant’s® data places the mean age at death 
at 36 years; three-fourths died before age 43 was reached. Recently 
Davis and Ti eiss^" published a similar analysis. In order to make the 
two groups exactly comparable those cases in the present report were 
tabulated separately in which death was due to heart failure; the mode 
again fell in the fourth decade, and less than 10 per cent of patients 
.survived the fifth decade (Table II). ^Vhen the age at death from 
cau-ses other than heart failure was considered, a mode Avas found in 
the third decade, but at the .same time neaidy 15 per cent .survived 
the fiftli decade. The higher age at death (37 years) in Davis and 
'iVeiss'.s’"' ca.ses cannot, therefore, be explained by their selection of 
ea.ves to e.vcludc causes of death other than cardiac. The ditl'erence 
between their figures and Cabot’s and these probably has somethim^ 
to do with the original sampling. ° 
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Table II 


AGE GROUPS 

DAVIS AKD WEISS 

1 

DE GRAFF AND LINGG 

deaths due to 

1 


CAUSES OTHER 
THAN HEART 
FAILURE 
% 

deaths 

% 

HEART 

DISEASE 

% 

1 HEART 

failure 

% 

0- 9 

3 

1.1 

0.7 

_ 

10-19 

17 

16.4 

16.6 

11.6 

20-29 

12 

23.3 

22.8 

28.2 

30-39 

21 

29.2 

30.8 

27.1 

40-49 

24 

21.2 

20.0 

18.2 

50-59 

13 

7.1 

7.3 

12.1 

60-69 

10 

0.9 

1.1 

2.8 

70-79 

— 

0.7 

0.7 


Mean. 

37 

32.6 

32.7 

34.2 

Median 

38 

33.0 

33.0 

' 34.0 ' 

Q. 

24 

23.0 

23.0 

25.0 

Q, 

50 

42.5 

42.5 

44.5 


The method of sampling maj'- also explain the figures published by 
Friedberg and Tartakower** who give 53 years as a mean age at death. 
They state that although the duration of life after first infection de- 
creases as the age at initial infection increases, the age at death re- 
mains the same, regardless of when the onset of infection occurs. The 
same inference could not be drawn from a studj^ of this series. The 
decade claiming the greatest number of deaths was alwaj’^s the decade 
following that in which initial infection occurred (Fig. 10). 
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Fig. 10. — Age at death related to age at initial infection. 


Causes of Death . — Causes of death were divided first into two gen- 
eral groups, those due to heart disease and those due to some other 
cause. In many cases it was possible further to subdivide the cardiac 
deaths. Death was usually due to heart disease (74.2 per cent), the 
largest group (45 per cent) dying of congestive heart failure, and 5.6 
per cent dying of bacterial endocarditis. A diagnosis other than 
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•' heart disease’"' was impossible in 23.6 per cent. Embolism, iufaretioii 
or thrombosis and other diseases claimed, respectively, 9.2 per cent 
and 9.9 per cent. Among patients suffering from rheumatic heart 
disease the chances of dying a cardiac death are therefore 3 to 1, and 
the chances of dying of other diseases not referable to the circulatory 
system are 1 to 9. 

The presence of certain conditions in the course of rheumatic iiifec- 
lion which eventually lead to death shortens the duration of life in 
varying degrees. In the ease of subacute bacterial endocarditis, for 
example, 23 of 28 patients died within 14 jmars, and 15 (50 per cent) 
within less than 8 years. In pneumonia as a cause of death a com- 
parable situation is present. Of 13 patients, 8 died within 14 years. 
Of 21 patients the subject of embolism 12 died in less than 13 years. 
. The Medical Impairment Study published in 1929 by the Actuarial 
Society of America and the Association of Life Insurance Direetors'^^ 
indicated rather broadly that shortening of life expectancy by com- 
plications such as have been noted may be expected. 

DISCUSSION 


It is possible that in confining the analysis of the course of disease 
to the 644 patients who died, the usual course of the disease has been 
placed in a most unfavorable light. In order to discover whether this 
is the ease, we analyzed briefly the records of the 609 patients who 
were known to be alive in 1931. 


As a group, these living patients were somewhat 3 'ounger (about 5 
3 'ears) when thej' first came under observation. The^’ were about 2 
years younger when first infected. The duration of disease, so far, 
has been slightly le.ss (mean 14 years, median 12 years, quartiles 9 
and 21 j-ears). Onl^' 183 (30 per cent against 80 per cent) have, how- 
ever, so far developed heart failure, but their duration of life has 


alreadj' been longer (mean IT years, median 16 jmars, quartiles 9 and 
24 years). In the remaining 70 per cent (426 patients) the life span 
of the disease has so far been about 2 years less than in the gi’oup 
that died (mean 13 j-ears, median 10 years, quartiles 6 and 17 years). 
It is possible that the fact that those still living were 3 ’ounger at the 
time of initial infection accounts for their slightly greater longevilv. 

Un fort mint eh' there is here no conclusive evidence that can be 
brought to bear on the question raised. 'Whether the 644 cases studied 


in-esent the normal or more unfavorable course of disease, and if so. 
to what degree, must remain a matter of conjecture. The period, that 
is to say the calendar year, in which infection was admired may be 
determining in its eonr.se. Tlie effort will be made to studv the'sub- 
seiinent histories of the palienl.< still alive. 
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sUjMjMAry and conclusions 

The course of i*lieuinatic heart disease, based on the 644 patients 
who are dead in a total of 1,633 patients coming under observation 
in the 10 years up to 1931, has been described. Of these patients 55.8 
per cent were males and 44.2 per cent were females. Eheumatic heart 
disease usually existed alone (94.5 per cent) and was seldom combined 
Avith other etiological tj^pes (5.5 per cent). 

It is readily seen that this disease is in the main one of childhood 
and early adult life, for it occurs and runs its course chiefly within 


fife. 

ye^rs 
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Fig-. 11. — Age at occurrence of initial infection, first cardiac symptoms, first attack 
of heart failure, and death. 

How to read chart. Example: The median age of patients at the time tliey were 
first infected is 15 years (indicated hy heavy black line across first column) ; 60 per 
cent of the patients were first infected between ages 10 and 24 ; 25 per cent between 
10 and 15 (indicated by diagonal shading) ; 90 per cent were infected between tl'.e 
ages 3 and 33 (indicated by stippled shading). 


the first four, decades. After age 40 there is a small proportion of 
sufferers. Three-fourths of those who survived to adult life are al- 
ready dead. The aimrage age at initial infection is 17 years,- at the 
first sjunptoms of cardiac insufficiency 28 years ; at the first appear- 
ance of heart failure 30 years, and at death 33 years (Fig. 11). Stated 
in another ivay, the average patient is infected at age 17, but ivill be 
free from sjrmptoms and able to carry on ordinary physical activity 
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for 11 years. He Avill then begin to sutfer from diminished cardiac 
reserve culminating in lieart failure 2 years later. From this time to 
death.. 3 years later, he is wliollj’- an invalid or at least, in most cases, 
seriously incapacitated. The period of economic usefulness of a per- 
son afflicted with rheumatic heart disease is, on the average, not more 
than 11. years after initial rheumatic infection; in most eases less than 
9 years. Once symptoms of cardiac insufficiency appear, heart failure 
and death follow rapidly. Fifty per cent suffer their first symptoms 
and failure and die within a period of from 16 to 20 years, or between 
20 and 40 years of age, the years of early maturity. To see even 
terminal stages of this disease after the age of 50 years is not a com- 
mon experience. 

Death usually occurs as a result of a failing heart, but life is shortened 
in a fair proportion of cases by such conditions as subacute bacterial 
endocarditis, pneumonia, and other diseases. 

The authors wish to express tlieir indebted nc.'^s to the many doctors who Imvc 
worked week after week for many years in the Adult Cardiac Clinic at Bellevue 
Hospital and by their work have made possible the accumulation of information 
that lias been used in this paper. 
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THE COUESE OF EHEUMATIC HEAET DISEASE IN ADULTS^f^ 

II. The Influence op the Type op Valvular Lesion on the 
Course op Eheumatig Heart Disease 

Arthur C. DeGrapp, M.D., and Claire Lingo, M.A. 

New York, N. Y. 

I N A previous paper tlie course of rlieiHuatic heart disease from onset 
to death in 644 patients was described. Certain aspects of the dis- 
ease were analyzed, but a discussion as to how the various valvular 
lesions modify its coui*se was reserved for this paper. Eeferenee should 
be made to the previous paper^ for the source of the data and the 
methods of analj'sis employed. 

The best apiiroach to a description of the influence of the valves 
affected on the course of this disease may be that of a pathologist. 
For this reason de la Chapelle, Graef and Kottino^ studied the cases 
which came to autopsy during thirteen years from the Third Medical 
Division of Bellevue Hospital. The difficulty with this method is that 
the number of eases with adequate clinical records becomes too small 
for proper analj’-sis. Onlj'' 119 eases were found suitable. For prog- 
nostic purposes it is desirable to establish signs descriptive of an 
underljdng lesion. Signs were established in the 644 cases now pre- 
sented. Clinical records are available in 45 per cent of the patients 
studied post-mortem by de la Chapelle, Graef and Eottino. Although 
onlj'- 13 per cent of the total number came to autopsy, the study of 
these served to illustrate the degree of closeness with which clinical 
and post-mortem diagnoses corresponded. 

The diagnostic criteria employed Avere those of the Heart Committee 
of the NeAv York Tuberculosis and Health Association;^ accuracy of 
diagnosis was assured by insisting upon complete studies in each ease.§ 
There is probably a difference in the degree to Avhieh various Amlvular 
lesions can be accurately diagnosticated. For example, mitral stenosis . 
can Avith care be recognized ultimately in nearly eyevy instance. Con- 
cerning other AmlAailar lesions, the criteria are, hoAveAmr, not so clear, 

‘From the Department of Therapeutics, University and Bellevue Hospital Medicjd 
College of New York University, Third Medical Division of Bellevue_ Hospital ana 
the Heart Committee of the New York Tuberculosis and Health Association. 

tThis paper is Number VIII in the series Statistical Studies Bearing on Problems 
in the Classification of Heart Diseases. 

tThis research was made possible through a grant from the Metropolitan Life 
Insurance Company. The Heart Committee acknov,rledges gratefully this cooperation. 

§AVe are indebted to Dr. John Wyckoff and to other members of the staff of the 
cardiac clinic of the Third Medical Division (New York University) of Bellevue Hos- 
pital for this aid. 
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and eiT'ox's ai'c more likely to occiii'. 
in deciding on the presence, of tricuspid 


The error is probably greatest 
and pulmonic lesions (Table I). 


Table I 

Clinical and Post-mortem Diagnosis of Valvular, Lesions 


VALVULAR LESIONS 


Mitral stenosis 
Aortic lesions 

Tricuspid or pulmonic lesions 


PERCENTAGE OF CASES IN 
Avmcn POST-MORTEM DIAG- 
NOSIS AGREED IVITH CLIN- 
ICjM j DIAGNOSIS 

oi 

58 

15 


INCIDENCE OP TYPES OP VALVULAR LESIONS 

The mitral valve, as has been pointed out by other observers, ivas 
found to be most frequently affected. Painstaking anatomical studies 
have shoAvn that the mitral valve is involved in almost every case of 
rheumatic heart disease. Coombs^ found evidence of this injury in 
every one of 97 eases, and in the cases at the Bellevue Hospital it 
existed in all but a few instances." Yet, clinically, slight valvulitis 
may cause little or no detectable incompetence or stenosis. 

j\Iitral stenosis, usually combined with mitral insufficiency but with 
no other valvular lesion, was recognized clinically in 62.5 per cent 
(402) of eases. This incidence is practically identical ivith that found 
po.sl-mortem by de la Chapelle, Graef and Rottino,^ but is higher than 
that Imported by Cabot’’' and that computed from data published by 
Grant*' and lower than that reported by 'NYillins' (Table 11). 


Table II 

Incidence of Vaiatilar Lesions 


LESION 

DEGKAFF AND 
lANGG 

CABOT 

AVILLIUS 

GRANT 

Mitral stenosis 

62.5% 

51.5% 

77.0% 


Mitral and aortic lesions 

28.0% 

19.2% 

9.3% 

■H 


Combined mitral and aortic lesions were recognized in 28.6 per cent 
(1S4) of eases. This is higher than the figure reported by "Willius’ 
and by Cabot,"' but lower than that calculated from Grant’s® reports 
(Table II). Five of the 184 patients were infected also with si-pliilis. 
In sncli cases it is impossible to tell, clinically, whether aortic insuffi- 
ciency is luetic or rheumatic; but the probability of its rheumatic 
origin, certainly in the presence of organic mitral disease, is very 
strong. Even if these five cases were omitted, however, the incidence 
would he higher than that cither of Cahot® or of \N'illins.' I^fitral or 
aortic le-sions eomplicated by pulmonic or fricn.spid le.sions occurred 
in 20 (4.5 per cent) instances. 
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Tile incidence of other A^’nlvnlar lesions was small. The relative 
rarity of mitral insufficieucy (12 cases, 1.8 per cent) alone has already 
been pointed out by Cabot.® The very low incidence of aortic insuffi- 
ciency (8 cases, 1.2 per cent), unaccompanied by other valvular lesions, 
is not the experience of other obserA’'ers. It is possible that cases of 
pure aortic insufficiency were included among those of combined mitral 
stenosis and aortic insufficiency, especially if a Flint murmur were 
mistaken for the murmur of mitral stenosis. It is also possible, on the 
other hand, that cases of pure aortic insufficiency'’ not of rheumatic 
origin may have been classified by other observers as rheumatic. That 
this is not improbable is borne out by experience in anatomical post- 
mortem diagnosis at Bellevue Hospital,- according to which uncom- 
plicated rheumatic aortic insufficiency was found to be rare ; its inci- 
dence was, in fact, similar to that found clinically. Aortic stenosis 
accompanied aortic insufficiency in combined mitral and aortic lesions 
in 39 eases. In 9 patients (1.4 per cent) valvular lesions appeared in 
acute terminal carditis, death occurring before a diagnosis of chronic 
valvular disease could be made. 

Incidence of Types of Yalvnlor Lesioiis l)y Sex. — Altliough more 
males (55.8 per cent) than females (44.2 per cent) appear to be af- 
flicted with rheumatic valvular disease,^ mitral valvular disease seems 
for some reason to be more common among females (76 per cent as 
against 58 per cent). Disease of the aortic valve appears, on the 
other hand, to be tAvice as common among males (40 per cent as 
against 22.8 per cent®’ ®). 

TYPE OP A'AnA'DliAR LESION RELATED TO AGE AT ONSET OP INPECTION 

Patients Avho are infected early, in the first decade, are more likely 
to develop aortic, and even tricuspid and pulmonic, lesions (49.5 per 
cent against 34.9 per cent). Among indh'iduals infected later, un- 
complicated mitral stenosis is more common (60 per cent as against 
45 per cent). Aside from this apparent trend no other significant re- 
lationship was noted. 

TYPE OP VALAHJLAR LESION RELATED TO DURATION OP DISEASE 

The A'alve invoh'ed seems to exert no influence on the duration of 
life AA’-ith the exception of the pulmonic and tricuspid A'ah'es, AA'hich 
render prognosis slightly less faA'Oimble (Pig. 1). The small number 
of cases of pure aortic lesions foi’bids the draiving of conclusions. An 
attempt is made later, under causes of death, to explain the apparently 
unfavorable pi’ognosis in cases of uncomplicated mitral insufficiency. 
Patients Avith aortic stenosis are regarded by Cabot® as the longest 
- IWed in the rheumatic group, but he based this conclusion apparently 
on age at death and not on duration of disease. It has long been knoAvn 
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that aortic stenosis without other valvular lesions is relatively common 
in older people, but its origin, rvliether degenerative or inflammatory, 
is obscure. If inflammatory, it must be considered, it is said, as rheu- 
matic. Only one .such case was found, and this patient lived for 
twenty-five years after the onset of disease. 
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pjg-. 1. — Duration oC flisease "by valvular lesions. 


Both Cabot-’ and Willius' reported a considerable difference in the 
duration of life depending on which valve was affected (Table III), 
but Friedbcrg and Tartahowcr^ did not regard the nature of the 
valvular lesion as of iirimary importance in prognosis. 


Table III 

Type or YALVin,Ai!, Lesion Related to Dur-YTiok op Life 


LESIOKS 


MITRAL .STENOSIS 

MITRAL and 
AORTIC 

AORTIC 

Williupi 



22 vr. 

CaEotfi 




HcGrafT and Linggt* 


HESkbHI 

17 yr. 


TYRE OF VAEVUEAR EESlOX REEATEI) TO’ SYMPTOMS OF CARDIAC INSUFFICIEN'CV 

The type of valvular lesion docs not infiucnce the h'vic of develop- 
ment of symptoms of cardiac insufticiency. TJie average interval after 
the onset of tlie initial infection ivas about the same regardless of the 
lyjie or number of valvular lesions (Table IV). Xor does the type of 
lesion appear to make mueli diffei'ciice in duration of life after the 
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development of symptoms except in the case of aortic lesions. The 
small number of patients in this class renders inference of little value 
(Fig-. 2). 

Table IV 

Interval From Initial Ehbumatic Infection to First Symptojis 
OF Cardiac Insufficiency 


VALVULAR lesions 

JIEAN 

MEDIAN 

Q,-Q, 



Mitral stenosis 

10 yr. 

7 yr. 

Less than 1 yr. to 

15 

yi'- 

Alitral and aortic 

9 yr. 

d yr. 

Less than 1 yr. to 

15 

vr. 

Aortic 

9 yr. 

6 yr. 

Less than 1 yr. to 

11 




Mean 5Yrs. SYw. ^ Yr^. O'ifs, ^ Yr^. 

iMration 


Duration of Life 

‘ •’ 20 Yearj or rnore 
% 10-19 Yri. 

§ 5-9 Yrs. 

S I Yrs. 
mi Les5 than 1 Yr. 


Pig. 2. — ^Duration of lifa after onset of symptoms by valvular lesions. 


TYPE OP VALVULAR LESION RELATED TO CONGESTIVE HEART FAILURE 

Heart failure with congestion appeared at about the same time (mean 
age 31 or 30) whether mitral stenosis or mitral and aortic disease was 
present. In the aortic grouj), it apiieared earlier if it ajipeared at all, 
but more than one-third escaped congestive heart failure altogether, 
as far as is known, and the remainder is too small to warrant analysis. 
The average duration of life after the appearance of heaid failure in 
mitral stenosis and in mitral plus aortic disease was brief (Fig. 3). 
In aortic lesions it was longer (7 years), but here again, because of the 
small number of eases, conclusions drawn now would be misleading. 

The mean duration of life in patients with mitral insufficiencj’', aftei 
the appearance of congestive heart failure, was less than one year, but 
there were only 12 cases altogether. 
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CAUSE OF DEATH RELATED TO TYPE OF VALVULAR LESION 

Deatli was usuallj’^ clue to some form of cardiac disease. In mitral 
stenosis, 70 per cent, in mitral and aortic valvular disease, 79 per cent, 
in disease of the tricnspid or pulmonic valve, 90 per cent, and in aortic 
valvular disease 75 per cent of the patients died cardiac deaths. 

Congestive heart failure was the type of cardiac death most fre- 
quently seen, especially when the pulmonic or tricuspid valve was 
involved (in 83 per cent), hut a little less often when only one valve 
was diseased, as, for example, in aortic insufficiency (25 per cent) and 
in mitral insufficiency (25 per cent). In the former, however, 75 per 
cent died cardiac deaths; in the latter only 41.6 per cent, vdiile one- 


Mitrdl & 
MitrdI ftortic 
Stcnoiis Lesiond 



Turdlion of Life 
ZOYearjormore 
2 Yri 

P 5-9 Yrd 
1-4 Yrj. 

LCii lhan lYr. 


Mean 3Yrs 3Yrs ZYrs Uislh'.nlVr TYra 

Burdtion 

F'ifr. 3. — Duration of life after onset of heart failure by valvular Ic.^ions, 

third died of other diseases, a much larger proportion than in any of 
the other groups. This may explain the apparently unfavorahle prog- 
nosis already referred to. 

It appears then that whereas among patients suffering from rheu- 
mafie. heart disease the chances of dying cardiac deaths are in general 
3 to ]. in mitral insufficiency they are only 1 to 3.4, and the chances of 
dt ing of other diseases not related to the circulatory .sy.stem arc 3 to 
Slightly fewer patients with mitral stenosis died in congestive 
failure than iiatients suffering aortic disease eomhined with mitral 
stenosis (32 per cent against 48 per cent). The chances of develop- 

mg congestive failure are greater, it see, ns. tlu* greater the uumher 
ot valvular lesions. 





484 


THE AMERICAN HEART JOURNAL 


111 agreement with other observers/®'^® we found that subacute bac- 
terial endocarditis was an infrequent cause of death in uncomplicated 
mitral stenosis (9 cases). It occurred more often when the aortic 
valve was diseased (16 eases). 

SUMMARY AND CONCLUSIONS 

An analj^sis of the effect of the type of valvular lesion on the course 
of rheumatic heart disease has been presented, based on the records 
of 644 patients who died. The importance of using for analysis data 
obtained during the life of the patient rather than the records from 
autopsies has been discussed. The incidence of the various valvular 
lesions is given. Mitral valvular disease ivas found to be more fre- 
quent in women, whereas aortic disease was approximately twice as 
frequent in men. The age at initial infection seemed to influence the 
type of subsequent valvular lesion only so far as the first decade of 
life is conceimed. In a larger proportion of patients infected before 
age 10 than among those infected later in life, more than one valve 
Avas affected. The Amlve affected did not seem to influence the dura- 
tion of life except in the ease of the pulmonic or tricuspid valves. In 
the presence of damage to these, prognosis became slightly less favor- 
able than Avhen mitral stenosis api^eared either alone or in combina- 
tion Avith aortic lesions. In considering the relatively short duration 
of life obsei’A'^ed in cases of mitral insufficiency alone, the high inci- 
dence of deaths due to other than cardiac or circulatory diseases must 
be taken into account. 

The interA'^al from initial rheumatic infection to the appearance of 
symptoms of cardiac insufficiency or congestiA^e heart failure and the 
subsequent duration of life Avere about the same regardless of the 
A^alA'^e or the number of a^rIa'cs affected. 

Most of the patients died cardiac deaths, the incidence apparently 
being higher the greater the number of A’-alAuilar lesions. CongestiA’’e 
heart failure appeared more frequently as a cause of death AAdieii dis- 
ease of more than one A^ah^e AA-as present,- and subacute bacterial endo- 
carditis Avhen the aortic, tricuspid or pulmonic A'aWe Avas diseased. 

The cAudence here presented lends support to the statements made 
b 5 '’ Flint^® in 1862, by Mackenzie^' in 1925, and more recently by 
Grant,® that AmlAuilar disease in itself giA'^es no information as to 
pi'ognosis. 
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EIIEUMATIC HEART DISEASE 

IV. The Life History op the Severe Form op the Disease* 

David Davis, M.D., ahd Soma Weiss, M.D. 

Boston, Mass. 

CLINICAE DURATION OP RHEUMATIC INFECTION 

K nowledge of the time of onset of rheumatic infection and the 
age at death is essential in a study of the life history of rheu- 
matic heart disease. In previous communications the age distribution 
at death in a group of patients with rheumatic heart disease was pre- 
sented.’-’ ^ Corresponding statistical data showing the onset of the 
rheumatic infection leading to heart disease are difficult to obtain 
because of the well-recognized fact that advanced cardiac damage not 
infrequently occurs without an}'’ recognized clinical manifestation of 
the rheumatic infection, and because at times cardiac lesions precede 
the first recorded attack of rheumatic fever. Some idea of the dura- 
tion of the disease can, nevertheless, he obtained by assuming that 
the first recorded attack of rheumatic fever represents the time of 
onset of the infection. The error in such an assumption would make 
the average duration of the disease longer than that indicated by 
the clinical data to be presented. This error is counteracted, on 
the other hand, bj^ the fact that in some instances the onset of cardiac 
damage may have been independent of the first attack of rheumatic 
fever. 

The duration of rheumatic heart disease was studied in a group of 
patients with necropsies, in whom rheumatic heart disease was even- 
tually the cause of death. An earlier analysis showed that of 369 
patients with unquestionable rheumatic heart disease, 44 per cent died 
of this disease ; in 11 per cent rheumatic heart disease was a contrib- 
uting cause; in 17 per cent death was due essentially to subacute or 
acute bacterial endocarditis on a rheumatic basis; and in 27 per cent 
it was due to causes not associated with rheumatic heart disease. The 
data presented in this communication bear only on cases in which 
death was caused by rheumatic heart disease. 

Age of Onset. The clinical data in 108 cases with necropsies clearly 
indicated whether or not there had been a previous rheumatic infec- 
tion. Eighty-three of these cases, 40 males and 43 females, gave a 
definite history and 9 a suggestive history of either rheumatic fever 

’‘From the Thorndike Memorial Lahoratory, Second and Fourth Medical Sei'vices 
(Harvard). Boston City Hospital, and the Department of Medicine, Harvard Medical 
School. 
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or chorea. In 16 cases there was no recollection of any previons rhen- 
niatie manifestation. Thirty additional cases were inelnded with a 
definite history of rheumatic infection but without necrops.y studies, 
making a total of 113 cases with positive rheumatic histories. 


Table I 

Age or Oxset of First Attack op Eueumatic Fever ix 113 Cases 


AGE GROUr 

1 CASES 

Yrar.’i 

No. 

Fcr Ceni 

0-10 

31 

27.4 

11-20 

46 

40.8 

21-30 

16 

14.1 

31-40 

14 

12.4 

41-50 

4 

3.5 

51-60 

1 

0.9 

61-70 

1 

0.9 

71 -SO 

0 

0.0 


Table I shows the distribution according to age of onset of rheu- 
matic fever or chorea. The earliest age of onset was three years; in 
3 cases iufection was acquired at five years. The majority of instances 
in the fii'st decade, however, occurred nearer the age of ten yeai’s. In 


accordance with general knowledge, a high percentage was noted in 
the fii-st and second decades, 77 patients having had their first attack 
belore the twentieth year. A smaller but appreciable group appar- 
ently acquired the infection in the third and fourth decades, and 4 
in the fifth decade. In one instance the first and fatal attack occurred 
in the sixty-first year, and gross and histological evidence of a tj’pieal 


acute rheumatic pancarditis was found on post-mortem examination. 

Bclaiiov of First Attack to Onset of Cardiac Damage. Some 02 >por- 
tunity to answer the question as to whether the first recorded attack 
of rheumatic fever was coincident Avith the earliest cardiac damage 
was presented in 10 cases in which a first attack of rheumatic fever 
resulted in a fatal attack of heaid disease. In 5 of these 10 eases, 
valvular and myocardial lesions were entirely acute; there was no 
gross or microscopic evidence of a past infection as indicated by 
chrome inflammatory reactions. In the group showing evidence of 
old rheumatic heart disease the degree of involvement nms sli-ht in 
3 lyaticnts and marked in 2. The ages of the 5 patients Avitiracute 
,voro 10, 22. 2.5. 3.5. .mfl 61 t|,e agos ot those showing 

i rest, as welt as old le.sions ivere ]3. 15, 10, 22. and 35 veai-.s The 
. nratmn of dlness in ,S of these 10 patients ,vas one month or lis,. 

2. SIX and eight montlrs. ’ 


In .lus^ gronp of 10 ea.sos. t),e„. the onset of the fii-st rceorded rhen 
mat., infoelmn eone.sponded with the onset of demonstraWc rheumatic 
h.-ar. dnoase ,,, 50 per eent. Dednetions as the 

ll.e hrs, recorded atiaek eanno, he drawn from so sn.all “a gro"; 
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is interesting, lioAvever, that onset of rheumatic carditis should so 
often — in 4 out of 5 eases — ^be associated with an attack of i-heumatic 
fever occurring for the first time in adult life. 

Duration of Life After First Attach. The duration of life after the 
first recorded attack of rheumatic fever in 83 fatal cases is shown in 
Table II. Twenty-five patients lived five jmars or less, 6 having died 
from the initial attack and 8 in less than two years from the time of 
onset. The remainder showed a duration of life ranging from six to 

Table II 


Duration op Life After First Attack in 83 Cases With Necropsy Eecords 


DURATION OF LIFE 

CASES 

Years 

No. 

0- 5 

25 

6-10 

10 

11-15 

10 

16-20 

13 

21-25 

10 

26-30 

5 

31-35 

i 7 

36-40 

I 3 


forty years after the earliest manifestation. As would be expected, 
rheumatic cardiac activity at death is more frequent in patients dying 
a short time after the first attack of rheumatic infection. In an un- 
selected group of 21 patients in whom death occurred within three 
years after onset of infection, activity was noted in 18 ; in a second 
unseleeted group comprising 19 patients ivho had lived twenty-five or 
more years after the first infection, activity was noted in 9. 

Table III 


Duration of Life in 36 Cases of Rheumatic Fever According to Age at Onset of 

First Attack 


18 CASES WITH ONSET BEFORE 

AGE OF 10 

18 CASES WITH ONSET AFTER 

AGE OP 26 

Years 

Years 

2 

0 

2 

0 

2 

0 

3 

0 

10 

1 

12 

4 

14 

5 

15 

7 

15 

8 

18 

8 

20 

10 

20 

10 

21 

12 

27 

20 

32 , 

20 

32 

20 

34 

25 

35 

25 







DAVIS AXD WEISS; RHEUMATIC HEART DISEASE 


489 


There is a general belief that rheumatic infection is more damaging 
to the myocardium in the early years of life than when it occurs foi 
the first time after the age of twenty-five years. Table III gives the 
duration of life in two groups: one, in which the first attack occurred 
at or before the age of ten; the other, in which the first attack oc- 
curred at or after the age of twenty-six years. In the latter group 
the duration of life was appreciably shorter, and death followed soon 
after the first attack of rheumatic fever in 5 cases, whereas in the first 
group no immediate fatality oceiH'red. The duration of life was ap- 
proximately 30 per cent longer in Gi’oup 1. This finding suggests that 
the rheumatic infection is more damaging to the heart when the first 
attack occurs in an adult. Another possible explanation of the dif- 
ference, however, may be that after adult yeai-s the first recorded 
attack of the rheumatic infection is less likely to represent the true 
onset. 

DURATION OP HEART FAILURE 


An analysis was made of the duration of the cardiac symptoms, as 
indicated by the duration of the “i^resent illness” in 134 patients even- 
tually dying as a result of rheumatic heart disease. The “present 
illness,” as employed in this study, covers the period from the onset 
of }<ig)u'ficanf and 'progressive symptoms to the time of death. In .some 
instances in which the patients gave a history of having had symptoms 
for many 5 '’ears, the exact time of onset was not clear, either because 
of the insidious character of the progression, or because, as often 
happens, patients who are informed in early youth that they have 
heart disease go through life ivith a mild neui’osis or fear of over- 
exertion, and date the onset of symptoms from the time of the medical 
diagnosis. In other and rather freejuent in.slances there is a true but 
slight limitation of the cardiac reserve which remains .stationary for 
many years, after ivhich a definite downhill progression of sjunploms 
occurs. Eleven of the 134 eases studied for the duration of symptoms 
showed an initial period of several years in which there was either 
such mild limitation of cireulatoiy efficiency or a neurosis manifesting 
itself as such. The preliminary period in these 11 cases was not re- 
garded as a part of the present illness. 

Jhe character of onset and the course of cardiac manifestations 
showed wide variation. The following are characteri.stic clinical groups: 

1. *4c»to Heart Failnrc and Hapid- Death. The illne.ss is of sudden 
onset witli severe pulmonaiy symptoms in a patient previously in good 
health. Tlie patient is forced to bed with marked dyspnea, orthopnea, 
cyanosis, pulmonary congestion and edema, and dies within from two 
days to six weeks. 


A .IcaA ar Suhaeuie Heart. Faitnrc With Ihconri,. There is a rela- 
tnely sudden onset of weeks or months in duration, as in Group 1, but 
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recovery occurs. The recovery is either complete Ayjthin a few weeks, 
with freedom from all symptoms, or partial, with persisting dyspnea 
on exertion and limitation of cardiac reserve. Prognosis is difficult, 
for death may occur at any time Avithin from three months to ten 
years, and after one or more attacks of failure. It may occur as a 
climax to increasing limitation of reserve, or precipitately as acute 
failure. 

3. Progressive Heart Failure. In this group the onset is gradual, 
Avith sloAAdy progressive failure over a period of from one to three 
years. Eecovery is slight or insignificant in spite of prolonged bed 
rest. The cardiac reserve steadily diminishes and death ensues. 

4. Gradual Onset of Heart Failure With Hecovery of Short Duration. 
The onset is as in Group 3 but Avith some recoveiy after prolonged 
rest and digitalis. There is relatiAm comfort for a period of several 
months, hut rarely longer; failure then occurs and death ensues. 


Table IV 

Duration of Heart Failure in 134 Fatal Cases 


duration of failure 

1 CASES 

Months 

No. 


Per Cent 

1 or less 

36 


27 

6 or less 

62 


46 

12 or less 

78 


58 

Years 




1 or more 

56 


42 

3 or more 

44 


33 

5 or more 

19 


14 

10 or more 

5 


4 

15 or more 

3 


2 


Table IV presents the distribution of the 134 cases according to the 
duration of “present illness.” TAventy-tAim patients died Aidthin tiim 
Aveeks from the time of onset of definite cardiac sj^^mptoms ; 36 AAuthin 
one month; 62 Avithin six months; and 78, or more than 50 per cent, 
Avithin one year. Forty-four cases shoAved a duration of illness of 
three or more years, 19 cases of fiAm or more years, and 5 cases of 
ten or more years. 

Table V 


Duration of Life After Onset of Congestive Failure in 56 Cases AVith Total 

Illness Exceeding 1.5 Years 


DURATION OF LIFE 

CASES 

Months 

No. 

1 or less 

11 

2- 6 

14 

7-12 

4 

Years 


1.5-3 

16 

3.5-5 

6 

6- 10 

5 
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Duraiion of Congestive Failure. It is of prognostic importance to 
obtain information as to tlm expectancy of life after the onset of definite 
congestive failure necessitating rest in bed. Accordingly, J:be cm a. ion 
of life in this stage of failure was analj^zed in a group of 56 cases wit i 
a total duration of illness, including the period preceding the conges- 
tive failure, of one and one-half years or longer (Table V). In some 
of these cases there were one or more intervals of relative improve- 
ment after the onset of severe failure. In 27 cases, or approximately 
one-half, comrestive failure persisted for more than one and one-ha 
years. In ircases, death occurred after failure had been present one 

month or less. 

Factors Betcnnining an Acute Fulminating Course. One of the 
striking findings among these patients with rheumatic heart disease was 
the high frequency of acute cardiac deaths. Some of the factors which 
mav be responsible for such a fulminating course arc : active rheu- 
matic infection, infections other than rheumatic, embolism, and pul- 
monary complications, including sudden general or left-sided failuie 
Avith pulmonary edema. Sex apparently is not a significant factor, 
since in a group with an illness lasting six months or less there were 
33 males and 31 females, and in a group with an illness of two years 
or more, 23 males and 32 females. Age, likewise, does not appear to 
be a related factor. A correlation of the clinical course with the post- 
mortem findings, on the other hand, suggests that the presence of 
activity, and particularly the site and degree of the activity, is of im- 
portance. Thus, in a group of 36 patients Avith an illness of one month 
or less, activity was present in 26. In a group of 29 patients with an 
illness of four years or longer, there was activity in 5, questionable 
activity in 5, and absence of acth-e infection in 19. A comparison of 
these groups suggests that active carditis, if .sufficiently scA’cre, may 
precipitate a rapid downhill course. 

In some patients onholism obviously resulted in a rapid cour.se. Em- 
bolism usually occurs in the presence of auricular fibrillation, early 

Tabue VI 

Cau.sk or Dkatu ix 3G Casks With a Cardiac Iduxk.s.s or Oxk IMoxth or Lk.ss ix 

Duratiox 


CAUSE OF DEATH 


Embolism 

E. ailure Avilii .notivo c.Trditis 
EaUuro Avitbout :ictive carditis 

F. ailuro with active c.irditis and terminal infection 
Failure with active carditis and pulmonary atclccfa.sis 
Failure without active carditis and with terminal infection 
Failure with active carditis and acute nephritis 

Failure with prcjinnney 

Failure with emhoHsm and infection 

rnrulcnt pericarditis 

Unknov.m 


XO. OF CASES 
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or late in tlie eoiirse of congestive failnre.^ Tims in the gronp of 36 
patients -with an illness of one month or less, significant embolism oc- 
curred eight times, as compared -with seven limes in a group of the 
same size Avith an illness of four years or longer. , 

Table VI shows tlie clinical slate just before death in 36 patients 
with a fulminating course. Embolism Avas responsible for death in 
8 patients. General failure Avas present in 26. and in 17 of this num- 
ber acth^e carditis Avas found. In 7 of the 17 Avith active carditis, 
terminal infection, usually bronchojnioumonia, occurred. In 3 patients 
Avitli general failure and carditis, significant pulmonary atelectasis 
AA-^as found at the post-mortem examination. In 5 patients tlie final 
failure Avas unaccompanied by infection. In 1 patient general failure 
Avas apparently jn-ecipitated by the terminal months of jiregnancy. 
In 2 patients general failure Avith actiA-e carditis and acute nephritis 
coexisted. The exact role of the acute ne])hritis in the causation of 
death aa'us difficult to evaluate. 

An analysis of the dcf/ree of valvular (lauiar/r- in the same 36 ])atieiits 
.shoAA'ed moderate A'alvulitis AA’ith .stenosis of either mitral or aortic 
A'alves in 14 patients and marked changes in 2. Tlie remaining pa- 
tients shoAved only minor lesions of the valves, stenosis being only 
slight or absent in most instances. The death of patients not d.ving 
of such complications as embolism Avas. therefore, in all jirobability 
due to m 3 'ocardial damage. The condition of the m.A'ocardium in 17 
patients nuiA’ liaA'e been siguifieantl.A' aggravated In’ tlie active rheu- 
matic infection. In the 2 patients Avith marked A-alvular lesions there 
AA’^as no eAudence of active infection, and it is jirobable that death Avas 
due chiefl.A' to mechanical failure. 

niscussiox 

This studj^ as aa'cII as the data pre.scnled in jiroA’ious communica- 
tions,^’ - confirms the common clinical obserA-ation that the course of 
rheumatic heart disease sIioaa’S great A'ariation. In the entire group 
of 474 cases there Avere 269 in AA-hich death Avas due to causes other 
than rheumatic heart di.sea.se.' In these cases, as Avell as in those in 
AAdiieh cardiac damage AA’as onl.A' partiall.y rc.sponsible for death, it Avas 
not feasible to studj' the life historA' of the disease. The clinical 
course of rheumatic heart disease, as observed in the cases here 
analyzed, is that characteristic of cases in Avhich cardiac damage even- 
tuallj'’ leads to death; hence the data presented are not comparable 
Avith those obtained from the studj’' of patients iiTespectiA'e of the 
degree of cardiac inA’ohfement.''’ ® 

The distribution of cases in the present group according to the age 
at onset of rheumatic infection eorre.sponded closelj^ Avith that in the 
group obsei’Amd clinicallj^ bj^ Willius.” Analj’sis according to duration 
of life after onset of rheumatic fever shoAved an approximately equal 
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distribution in tke group less than two years, the group two to five 
years, and in the five-year periods up to twenty-five years. A smaller 
number of patients lived as long as forty years after the first infec- 
tion, ultimately succumbing to the heart disease. Since duration of 
life varies so greatly, one cannot speak with justification of the aver- 
age duration of life after the first infection. Prognostication as to 
expectancy of life after the first infection is, therefore, not feasible. 
In accordance with the findings of Willius,® there is some tendency 
toward a shorter duration of life when the first infection develops 
after the age of twentj^’-five years than when this occurs before the 
age of ten years. This difference cannot be exi^lained bj'’ the shorter 
expectancy of life after the age of twenty-five years. A probable in- 
terpretation is that adults are less tolerant to rheumatic cardiac in- 
fections. 

The fact that in many eases the duration of life is short following 
the appearance of cardiac symptoms, and particularly following the 
onset of congestive failure, is significant. Thus, of the patients pre- 
senting these symiDtoms, 58 per cent were dead Avithin a year after the 
onset of cardiac symptoms. As high as 27 per cent exhibited cardiac 
sjTuptoms or signs of less than one month’s duration. Age and sex, 
as Avell as the distribution and the degi’ee of valvular damage, played 
no significant role in the precipitation of this rather acute type of 
cardiac death. Acute rheumatic mjmcarditis, embolism, and acute in- 
fections other than rheumatic fever Avere the most frequent precipi- 
tating factors. LaAvs and Levine" har^e also emphasized the frequency 
of death resulting from causes other than chronic failure of the mjm- 
cardium. 

SUMMARY 

1. Data are presented bearing on the course of fatal rheumatic heart 
disease as obtained from the records on 113 cases and 83 neerop.s.y 
examinations. 

2. The age at onset of the first rheumatic infection varied from 
three to sixty-one years, the majority of cases occurring in the first 
and second decades. 

3. The duration of life after the onset of clinical eA'idenee of rheu- 
matic infection Availed from a fcAV Aveeks to forty years. About 50 
per cent of the patients lived from six to tAventy-five years, the num- 
ber of cases shoAving fairly e\ei\ distribution according to fiA^e-year 
intei’Amls. 

4. More than 50 per cent of the patients died Avithin one year after 
the onset of definite cardiac failure. 

0 . The clinical types of heart failure encountered are described and 
the liigh frequency of relatively .short duration of life folIoAvino- the 
onset of significant cardiac symptoms, and particularly of congestive 
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failure, is ana].yzecl. Almost one-third of the patients succumbed as 
a result of a fulminating course precipitated bj’' faciors other than 
chronic nijmcardial failure. 

6. In the fulminating fatal course acute carditis, embolism, and in- 
fections other than rheumatic fever played the most significant roles. 
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THE TWO-STEP TEST OP ]\IYOCARDIAL FUNCTION* 

Arthur M. Master, 

New York, N. Y. 

F or many years, tests of myocardial function have been a common 
procedure in physiological and medical institutions and also in the 
office of the medical practitioner. The large number of reports and 
the variety of methods described, however, suggest that a satisfactory 
routine test has not been found. The tests in the main ai’e not for 
quantitative measurement, and the few that are measurable have no 
standards for normal individuals in relation to sex, age, and weight. 
Another important criticism is that many methods utilize unusual 
muscular movements. 

As early as 1889, and between then and 1904, observations^-* were 
reported showing that sj^stolic blood pressure and heart rate rose dur- 
ing and directlj’’ after muscular work and declined later. In tlie fol- 
lowing review of the tests described in the literature and in my own 
test, blood pressure and pulse rate readings made after a certain 
interval of time subsequent to a definite exertion are compared with 
the resting blood pressure and pulse rate figures before the exertion. 
If these two readings are practically the same, the individual is con- 
sidered to have a good, or normal, myocardial function. 

The form of functional test of the heart is usually some body move- 
ment, such as flexing and extending the arm, flexing the trunk, or 
knee-bending.®-® Kahn*® introduced hopping. on each foot 100 times, 
and all kinds of modifications of this test are in common use. For 
instance, the patient may be asked to hop twenty, forty or more times 
on each foot. 

Stair climbing was in vogue for many years and is somewhat used at 
the present time. Selig,** as early as 1905, was an exponent of this 
form of test. Rapport*® directed his patients to mount 45 and 90 steps, 
each 9 inches high. These climbs were made at different speeds. Wil- 
son*® employed 25 and 60 steps. Although this\vorker made quantita- 
tive measurements, sex, age, weight and height were not taken into 
consideration. hlagnus-Alsleben® and Felberbaum and Pinesilver** 
also used stairs or steps— the latter built two steps each 6 inches high. 

In 1901, Brittingham and White*® used dumb-bell swinging, from 
floor to an arm's length overhead. Barx-inger,*®-*® in a series of articles 
publish ed between 1915 and 1922, popularized this type of test, and 

iIeS’col'lege!^S"YS‘x.'Y.^ Department of Medieine, Cornell Universlty 
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Mami^“ applied it to the study of patients during convalescence. Cot- 
ton, Rapiiort and Lewis-^ considered the total work done. Barringer^® 
demonstrated that ivork performed ivith the ai’m and back muscles 
gave the same results as work with the thighs and legs. Wilson^® re- 
ported that the results of stair climbing and rojie jumping were similar 
to those of dumb-bell exercise. Barringer^’' stated that the outcome 
varied but slightly from day to day in the same individual. It will be 
shown that this was found to be true, also, when the test described in this 
paper was used. This uniformity enhances the value of a test. In 
1922, Barringer^® suggested that noimial standards of exercise toler- 
ance for adults should be worked out. 

For essentially quantitative tests, one must refer to the stationary 
bicycle, visible but now seldom used in the physiology depai’tment of 
a medical school. Ergostats and ergometers, where the muscles of 
the fingei’s, arm or leg come into play, have been described by Mendel- 
sohn,®® Grraujmer,®® Benedict and Cariienter,®"* Krogh,®® Cathcart, 
Wishart and McCall,®® and Gillespie, Gibson and Murray.®" 

A criticism of the prevailing tests, as already stated, is that thej’- 
either do not measure work perfoi-med quantitatively, or that the same 
exertion is required of male or female, young or old, light or heavy 
individual. Of equal moment is the criticism that no standards for 
noi'mal individuals have been constructed. 

In 1929, E. T. Oppenheimer and I®® published an account of a “two- 
step” test which supplied a quantitative measurement of work. In 
performing this test, only ordinary everyday muscular activity is 
called into play, the procedure is a definite and simple one, and it may 
be carried out in a physician's office or in a clinic. 

The subject of functional. tests is reviewed for two reasons. (1) New 
tables* (Tables I and II) have been constructed which immediately 
give the required number of ascents for a given weight and age with- 
out further arithmetical calculation, and all interpolations and cor- 
rections for age and height have been obviated. (2) The later tables 
are based on the results of approximately 1,500 tests carried out upon 

*T>r. P. 'V. AVells, the biophysicist of the Prudential Life Insurance Co. of America, 
calculated the mathematical graduations necessary for the construction of these tables. 

The experimental material upon which the revised tables are based resulted from 
the testing of 210 males and 234 females, four to seventy-four years of age. The 
maximum number of ascents performed without delaying- the return of the blood pres- 
sure and pulse rate to normal was recorded. Prom this data and the patient’s weight 
the work performed in foot pounds per minute was calculated. The work done is re- 
corded in terms of climbs, this being considered a better estimate of physical fitness 
than foot pounds, as it measures the relative efficiency of subjects in handling their 
weight, as it affects the circulation. 

The original tables were based on pai-tial correlation equations in terms of sex, 
age, and weight, but the inconsistencies in the coefficients indicated that the correla- 
tion with height was a spurious effect of the relation between height and weight. 

Statistically, the process of "smoothed medians" was used. In the graduation each 
median M^as “weighted" by the actual number of cases in its age and weight class. 
The table of median ascents showed clearly that children of median weight accom- 
plished over 30 ascents, while adult males of median weight did not exceed 25, and 
adult females reached only 23 ascents. Por a given age, the numbers decreased 
steadily with increasing weight. 
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444 normal persons, male and female, whereas the previously published 
tables were derived from a much smaller group of about 500 tests of 
115 normal individuals. The tests were practically all performed at 
the Cornell Clinic of the Cornell University Medical College between 
the years 1927 and 1933. 

METHOD OF PERFORMING THE TEST 

The contrivance employed in tliis method of testing the functional condition of the 
heart consists of two steps,* each 9 inches high, so that one climb is one and one- 
half feet above the ground. (Fig. 1.) The number of ascents which the individual 



Fig. 1. — Two steps, each accurately 9 inches high, are placed near a wall or table. 
One climb is an ascent and descent. The patient always turns toward the wall be- 
lore re-coniinencing anotlier ascent. 


should, theoretically, perform is obtained from the tables, and is determined by the 
patient’s age and weight. The resting blood pressure and pulse rate are taken in 
the sitting or Ijdng posture and are usually obtained within three to five minutes. 
Readings of tlie blood pressure and pulse rate are repeated until two in succession 
are practically the same. The patient then walks uji one side of the steps and down 
the other, always turning toward the same side of the room or table before each 
ascent. This necessitates a change of direction at each turn and thus giddiness with 
its resul ting artificial changes in the blood pressure and pulse rate is prevented. 


_ ‘These steps can easily be built at home or office. Dr L F MacICenrie has Ua- 
'K!. ImveXced^on ufe * Co., of RutheHord, 
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In a minute and a half the patient makes his required number of ascents and then 
sits down. Two minutes after cessation of exercise the blood pressure and pulse rate 
should have returned to resting figures. Ten points difference in the blood pressure 
or pulse rate is the extreme limit xjermitted. 

A definite example will be given. The work capacity of a man forty-four years 
of age, weighing 150 poimds, was required. In the tables, the vertical column of 
figures under forty-four years of age and the horizontal row opposite 150 pounds 
intersect at 22. This is the number of climbs or amount of work, so measured, 
that a normal man of this patient’s age and Aveight should be able to perform. The 
blood pressure and pulse rate readings Avere tliese: 


BLOOD PRESSURE 
118/80 
112/78 
110/76 


PULSE RATE 
66 
60 
60 


Obviously, the last readings Avere the jiatient’s resting figures. He Avas started on 
his 22 climbs, and his rate was regulated so that he should perform exactly this 
number in one and one-half minutes. He then sat doAA’ii again. At the end of tAvo 
minutes, the readings Avere; blood pressure 116/78 and xauIsc I’ate 62 beats per 
minute, aa’HcIi are AAuthin the ten point difference allowed. In other Avords, the 
patient’s exercise capacity aaas normal. The AA'ork performed Avas: 22 climbs x 150 
lb. Aveight X 1% feet height = 4,850 ft. lb. This Avork, hoAvever, Avas done in 11,4 

2^ X 150 X 1^4 

minutes. Per unit of time, that is, per minute the AVork Avas: — — 

1 % 

or 22 X 150 = 3,300 ft. lb. Hence, merely the Aveight in pounds multiplied by the 
number of climbs gives the AVork per minute. 

Hot only may one ascertain in this Avay AA’hether an adult or child is fit to perform 
the average physical Avork for his sex, age, and Aveight, but one can learn, also, what is 
his actual phj’^sical capacity, be he invalid or athlete. The number of climbs that the 
subject is able to perform divided by the number he should be able to perform, ac- 
cording to the table, gives his percentage of efficiency. A feAV illustrative cases aauII 
make this clear. 


Case 1. — Mrs. A. B., aged fifty-three years, Aveight 156 pounds. Her diagnosis Avas 
chronic rheumatic valvular disease, mitral stenosis and insufficiency, an enlarged heart. 
The theoretical average number of ascents, for her age and Aveight, obtained from the 
table, is 17 ; but tAvo tests Avere xjerformed on May 22, 1931, the first of 14 ascents, 
and the second of 12. The resting figures AA'ere: blood pressure 130/96, heart rate 
82 beats per minute. Tavo minutes after 14 ascents: blood pressure 140/96, heart 
rate 96 beats per minute. It is obA'ious that 14 climbs Avas too much, as the heart 
rate difference was fourteen Avdiereas the extreme limit is ten. Later in the day, 
tAvelve climbs were essayed. The resting readings Avere: Blood pressure 150/100, 
heart rate 96 beats per minute. Tavo minutes after 12 ascents: blood pressure 
146/96, heart rate 96 beats per minute. This last test Avas Avell performed, and hence 
her limit Avas betAveen 12 and 14, that is, 13. In foot pounds this Avould be 13 x 156 

13 

= 2,028 ft. lb. In percentage of efficiency——, or 77 per cent. 

The tAvo-step test occasionally has giA^en us CA'idence revealed by no other means at 
our disposal. The folloAving case history is that of a man AA'ith a bad myocardium 
in AA’hom for a long time the exercise tolerance Avas the only abnormal finding. 

Case 2. — Mr. E. P., aged fifty-tAvo years, Aveight 149 pounds, sustained an acute 
coronary artery occlusion AA'hile in Miami, Florida, April, 1932. He had had an 
essential hypertension. I first saAV the patient on June 30, 1932, and have folloAA'ed 
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kis case to the present time. The electrocardiogram, which during the Ain-il oech s 
had revealed inversion of T„ on July 6, 1932 (Fig. 24), disclosed slight E-T ab- 
normalities. The patient did not complain, the physical examination was negative, 
and according to the x-ray film the heart and aorta were normal. The exercise toler- 
iince test, however, showed only 14, whereas the normal for one of liis weight and age 

14 

is 21. His percentage of efficiency was, therefore, gj- or 67 per cent. Because of 

this low exercise tolerance he was given a guarded prognosis and classed as totally 
disabled at the time. Although he retired from business and retained a trained nurse, 
he did not improve and suffered another acute coronary artery occlusion on July S, 
1933, from which he has only barely recovered. 



Pig. 2. — A, Case 2, Patient R. P., fifty -two years old. Although the electrocardio- 
gram July G, 1932, revealed only slight RS-T abnormalities, the exercise tolerance 
was poor and the percentage of efficiency was onlv 67. The patient developed an 
acute coronaiT arterj- occlusion July 8. 1.933. 

j’ Fatient B. M., fifty-two years old. B, Electrocardiogram, June 
-2, 1931, disclosed definite T-wave inversion in Lead I, but the exercise tolerance was 
fairly good and the percentage of efficiencv 8G. 


per 


C, Electrocaijdiograni, Pebinaiy- 15, 1934, the same. Exercise tolerance improved 
i-centagc of efficiency 9.5. Patient still well. impioieu. 


hollowing is the story of a patient whose exercise tolerance test gave a truer 
picture of his cardiac condition than did his dcfinitclj' abnormal electrocardiogram 
and one which the history of his case would not lead one to suspect. 


Case 3. Mr. B. M., also fifty-two years old, was first observed by me on April 7, 
1931, a few months after he was said to have had an acute coronary artery occlusion' 
He had weighed 230 pounds before tliis episode, but his weight at the time'of observa- 
tion was 179 pounds. The patient was taking digitalis and was working. Although 
he was advised to discontinue the digitabs and to stop work, he did neither April 
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14, 1931, he sustained another severe acute coronary artery occlusion. Por twelve 
weeks he was in bed, very ill. His diet was kept at a minimum so that when he was 
permitted out of bed he weighed only 150 pounds. His electrocardiogram, March, 
1932, (Fig. 2B) showed the T-wave in Lead I to be definitely inverted and the QES 
waves to be slurred. The patient’s exercise tolerance on that date was 18, which was 

fairly good; efficiency was .i?. or 86 per cent. His prognosis was, therefore, con- 

21 

sidered good. Altliough the electrocardiographic picture has remained absolutely 
unchanged to date (Fig. 20), his exercise tolerance has improved. By December, 

1932, it was: 20 x 150 = 3,000 ft. lb. or _ = 95 per cent efficiency. Because of 

’21 

this good exercise tolerance and despite the same definitely abnormal indications of 
the electrocardiogram, the patient was permitted to return to his regular work, as 
a sugar broker. For the last fourteen months he has worked as hard as he did before 
he became ill, has had no complaint and looks better than he ever did. The exercise 
tolerance in February, 1934, was absolutely normal, that is, 21 ascents. 

One of the most difficult questions to answer is th.at of a patient when he asks, 
“How much work may I do?” The exercise tolerance test is of distinct aid in 
making a wise reply. The test is an objective method and sen-es to distinguish the 
neurasthenic or malingerer from the truly incapacitated. 

It has been suggested that a patient’s w'ork capacity probably varies from day 
to day, but those using the test have been impressed with the uniformity of the num- 
ber of ascents for an indmdual. Thus, if one’s limit is 25 climbs today, it -will be 
that tomorrow and probably weeks and months later, provided the weight remains 
approximately unchanged. If he tries 26 climbs, he will fail to do this. Examples 
will demonstrate these principles. 

On November 14, 1926, the “two-step” test was performed by a man thirty-one 
years of age, weighing 157 pounds and 5 ft. 10 in. in height. Tins person was then 
in exceptionally fine physical condition as a result of handball playing, swimming in 
indoor pools, etc. It is not surprising, then, tliat he was able to perform an unusual 
number of climbs, namely 33. 


Final resting figures 

TIME 

BLOOD 

PRESSURE 

120/76 

PULSE 

62 

Exercise started 

Exercise ended (33 climbs) 

11:57:00 a.m. 

11:58:30 

11:59:00 

200/78 

118 


11:59:35 

140/78 

76 


11:59:55 

136/76 

72 

Two minutes after exercise 

12:00:30 

124/78 ■ 

64 


Although this man was much more dyspneic tlian the average individual who per- 
forms less climbs, his blood pressure and pulse rate returned to within ten points of 
resting figures. 

Nearly eight years later. May 17, 1934, the test was repeated on the same man 
who was now thirty-nine years of age and weighed 162 pounds. 



BLOOD PRESSURE 

PULSE 


126/86 

76 


118/86 

72 


118/84 

68 

Besting figures 

118/84 

68 

Two minutes after 26 climbs 

132/84 

68 


It is evident that 26 climbs exceeded the man’s limit, as the difference between the 
resting systolic blood iDressure and that two minutes after exercise was more than 
ten. On June o, 1934, the test was again performed. 
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BLOOD PEESSURE PULSE 

110/S2 80 

108/84 80 

Kcsting figui-Ps 108/82 — 

Two minutes after 2o climbs 118/78 80 


It waS; therefore, concluded that this man could perform 25 climbs and no inoie, 
This conclusion was borne out by further observations on June 6, 1934, at 9:50 a.m 


as follows: 

blood pressure pulse 

114/78 76 

114/76 72 

Besting figures 112/76 

Two minutes after 26 climbs 126/78 80 


Again 26 had been too much. The test, repeated at 12:18 p.m., disclosed, as usual, 


tliat 25 could be performed. 

BLOOD PRESSURE PULSE 

114/84 64 

114/82 68 

112/80 68 

Besting figures 112/80 68 

Two minutes after 25 climbs 118/78 68 


It has been mentioned already that Barringeris observed that his results varied 
only slightly from day to day in the same individual. The present observations 
corroborate his conclusion. This invariability makes the two-step test dependable. 

COMMENT 

Not only does clinical experience seem to demonstrate that the two- 
step test is a measure of myocardial capacity, but when one turns to 
the mathematical formitlas, establislied by the physiologists, for the 
work performed by the heart, one observes that this Avork is directly 
related to the mean arterial pressure and the pulse rate which have 
been used as factors in the present test. In 1895, Frank^® published 
Ihe formula A = PV -f ( 1/2 mv^), in whch A represents the Avozic of 
the heart, P, the mean arterial izressnre of the aorta, and V, the Amlume 
of blood ejected at each heartbeat, {m — the mass of ejected blood, 
and V = its Amloeity), The mean arterial pressure of the aorta is re- 
lated dii’ectly to tlze systolic and diastolic blood pressui’e, and the Avorlc 
per minute is, therefore, the Avork per cardiac conti-action znultiplied 
by tlie pulse rate. Evans and Matsnoka,^° Tigerstedt,^'^ and Wiggers®^ 
haA'^e used the same foimiulas as Prank,* tlze first half of the equation 
representing the Avork of the heart in ovei’coming aiTerial resistance 
and the second, the kinetic energy iznparted to the blood to move it 
along. The former, P F, in Avhich the blood pressure appears is con- 
sidered to he 90 to 99 per cent of the Avork of the heart in human 
beings. ^ This appreciation that the Avoi'k of tlze heart per minute is 
a funclioii of Ihe systolic and diastolic blood pressures and the pulse 
rate has led Barach®® to use these thi’ce figures as an “index” of the 
functional capacity of the heart. He cited the formula S. D. R in 
Avhich the sAvstohe and diastolic blood pressures Avere added and then 
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multiplied by the rate of the heart. This formula, of course, did not 
give the quantitative measurement of the work of the heart, and here 
the criticism applied to previous tests again is pertinent, namely, that 
no standard measurements have been constructed for normal people. 
The study of these formulas, nevertheless, proves that when consider- 
ing the factors of blood pressure and heart rate one is concerned with 
figures directly related to the woi*k of the heart. In the present test 
all three of these factors are utilized. Hence, for these reasons and 
from clinical experience, it is thought that the two-step exercise is a 
measure of “mj^oeardial function.'’ 

The influence of a man’s occuiiation and physical training has been 
noted. Whether a man be a sedentaiy woi’ker, such as a bookkeeper, 
or an outdoor salesman, the number of climbs is in the usual normal 
range. In the ease, however, of a man in strenuous physical training, 
.such as a student on the football squad, it will be found that his limit 
is beyond the figures given in the table. 

In the “two-step” test the sj'stolic and diastolic blood pressures, 
measured by the auscultatory method, and the pulse rate have all been 
used. Each of these, two minutes after completion of the exercise, 
must return to within ten points of the resting figures. It has been 
obseiwed in patients in whom this does not occur that it is usuallj’’ the 
systolic blood pressure that does not return to “basal” figures. The 
pulse rate is next in frequency of nonreturn, and the diastolic blood 
pressure is found to vary least. Sehellong®'* obtained similar results. 
This feature was brought out in the first test of the man whose exer- 
cise tolerance was reviewed eight years later. It would appear that 
when work is demanded of the heart the systolic blood pressure is first 
altered, then the pulse rate, and last the diastolic pressure. These 
statements have more than mere academic or even physiological inter- 
est, for they mean that the number of climbs accomplished do not 
“strain” the heart even temporarily. If normal persons are asked to 
perform many more climbs than are called for in the tables, there will 
be a delay of three, four, five, or six minutes before the readings re- 
turn to resting levels. This has been shown by the many authors 
refeiTed to earlier in the paper. 

After considerable experimentation, a short duration of exercise, 
such as one and one-half minutes, had been found most useful. The 
same numei’al, one and one-half, for the height of the steps simplifies 
the mathematical process in calculating the foot pounds of work per- 
formed. This has already been demonstrated in the present text, but 
these matters Avere more fully discussed in the article published in 
1929.-® An extensHe experience seems to prove the advisability of 
this short and nonstrenuous form of exercise since no untoward acci- 
dents have er^er oceurred. In more than 100 cases of anginal syndrome 
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we have never observed a single onset of pain. Undoubtedly, had the 
rate of climb been accelerated or the duration of climb been increased, 
pain would have been elicited. In the average patient observed in 
office or clinic the test produces onlj^ slight fatigue and but moderate 
dyspnea. In fact, most patients have an inclination to perform more 
climbs than the number required. The two-step climbing test, there- 
fore, meets all the requirements laid down by White^^ when he said, 
“A simple test is less apt to strain unaccustomed muscles of the sub- 
ject, less airt to exhaust prematurely a person not in good physical 


FOOT 

P0UND5 

4000 



5 10 15 20 25 30 35 40 45 50 55 60 65 70 YEAR.3 


ygc- to exercise tolerance as expressed in foot pounds of work 
for feniale'inlivWuaL ® (through dots) for male and broken line (through circles) 


training and more convenient and practical to execute. In fact, such 

simple exertion as enters into the routine daily life of the patient is 
best of all.” 

1 he number of ascents itself is an index of phj’sical efficiency and 
a consideration of “percentage” of efficiency is not essential, for foot 
pounds of work per minute, as has already been shown, is the number 
ot climbs multiplied by the patient’s weight. However, per unit of 
weight, that is per pound of the patient, this number would be divided 
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by the patient’s weight, the result again being the number of ascents. 
Hence a patient’s efficiency can be judged directly by his limit in 
climbs. 

Up to the age of ten or eleven years, both boys and girls show a 
very rapid increase in number of foot pounds of work per minute. 
(Pig. 3.) There is a sloAving doAvn of this rapid ascent in females 
and the maximum of about 3,000 ft. lb. is reached beUveen the ages 
of tAventy and tAventy-.'Seven years. In men, hoAvever, a rapidly in- 
creasing capacity for work continues practically unabated until the 
age of tAventy-tAvo years, and betAveen tAventy-tAvo and thirt3'‘-one yeai’s 


rooT 

POUNDS 



POUNDS 

40 50 60 70 80 90 100 IIO 120 130 140 ISO 160 170 180 190 700 210 220-246 

FIs’. 4. — Relation of weight to foot pounds of work performed per minute. Straight 
line for male and broken line for female individuals. 

the maximum of about 3,800 ft. lb. is reached. With advancing age, 
in both sexes, there is a steady, progressWe decline in Avork capacity. 

In general, the foot pounds of Ai’^ork performed increase rapidly Avith 
greater Aveight, until seA’^enty to ninety pounds is reached. (Fig. 4.) 
The slope then becomes more gradual in the case of women. In men 
the slope is hardly changed, the maximum Avork is most often attained 
AA'hen men Aveigh 170 to 200 pounds and AA’^hen Avonien Aveigh 150 to 
180 pounds. Men are capable of performing more AAmrk per Aveight, 
tlie maximum for men being about 3,700 ft. lb. of AVork per minute, 
for AA'omen about 3,000 ft. lb. of Avork per minute. 
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The test offers an nntisual means of research. By it, one can classify 
quantitative!}^ the myocardial reserve of patients ndth valvular dis- 
ease. Hoav do patients with mitral and those Avith aortic lesions com- 
pare? Does the exercise tolerance correspond to the heart size rather 
than to the valvular lesion? What are the quantitative limits of pa- 
tients Avith an anginal syndrome, essential hypertension, exoiDhthalinie 
goiter? Recovery from acute disease may be investigated. Occasion- 
ally, patients have complaints for as long as three to six months after 
an acute lobar pneumonia, of dyspnea on slightest exertion, fatigabil- 
■weakness, oi* rapid pulse, and in them the exercise tolerance has 
been found beloAv normal. Simultaneously, AAutli increase in Avork 
capacity, as indicated by the tAvo-step test, the symptoms have dis- 
appeared. Frequently in a patient Avith an anginal sjaidrome the 
exercise tolerance has been the only objective evidence of myocardial 
impaiinient. In the malingerer it is normal. 

It has been pointed out to me that the number and extent of the 
respiratory excursions are not considered in this test. This is a just 
criticism, but as three factors already are considered, namely, systolic 
blood pressure, diastolic blood pressure and pulse rate, it has seemed 
best not to complicate it by the addition of a fourth Amriable. 

Precautions to Be Observed Before Test Is Performed . — A question 
that must and does arise is that of the lability and variability of the 
blood pi'e.ssure and pulse rate. . As exchement, emotion, and appre- 
hension affect them, naturally, correct readings cannot be obtained 
AA'hen these influences are at play. I ahvays find some means of liaA^- 
ing the patient rest comfortably, at least for five minutes, before blood 
pressure and pulse rate are recorded. Readings are repeated until 
the loAA'est is ascertained. It Avill be found that a basal or resting 
blood pressure and pulse rate exist in indiAuduals just as there is a 
basal metabolic rate. It seems to make no difference AAdiether the 
resting” readings are taken in the sitting or in the lying position, 
I)roAdded the patient returns to the same position after the exercise. 

Before the patient begins the ascents, the examiner demonstrates 
hoAv the test is performed. The patient is assured that he is not to 


run, that he may gain support, or reassurance, by lightly placing one 
hand against the Avail, and, in fact, the examiner may gently siqDport 
the moderately sick patient by taking hold of one arm lightly, as the 
patient climbs the steps. As long as he is not given a A^ertical lift, 
this support does not interfere AAuth the Avork Avhich he performs. 

There are other precautions Avhich are important. Certain drugs 
lower the exercise tolerance. This applies to an individual Avho is ve- 
ceiving thyroid extract, or ephedrine, or Avho is taking alcoholic in- 
toxicants or smoking excessively. Even one or turn cigarettes smoked 
immediately before the test will have this effect. An acute uuner 
respiratory iiilection, like a coryza, pharyngitis, tracheitis, sinusitis, 
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will show a similar lowering in limit of ascents. No special investiga- 
tion of women during the menstrual cycle has been undertaken, but 
it has been observed that this affected the test in one woman. In two 
cases diagnosed as neurocirculatory asthenia the test showed tlie limit 
to be below average. In the.se people it ma}" be, as ‘Mlliite-’’® has sug- 
gested, that the test is a measure of the “fitness of the nervous 
system” but this is a debatable question. It may be that in a person 
witli effort sjuidrome the nijmcardial reserve is limited. 

SUMMARY 

A simple quantitative “tAVO-.step” test of myocardial function is de- 
scribed, and tables of climbs are given for normal individuals, from 
four to seventy-four years of age, of both sexes. The i^atient’s weight 
multiplied by the number of ascents gives the foot 230unds of woilc 
per minute. Not onty may it be learned in this way whether the exer- 
cise tolerance of an individual is within average figures, but his actual 
limit may be ascertained. The percentage of effieiencj’' is calculated 
by dividing the number of climbs the patient can aetuallj^ perform by 
his theoretical limit, as derived from the tables. 

Men have greater exercise tolerance than women. The maximum of 
this tolerance appears to be about 3,800 foot pounds of work, in men 
between twenty-two and thirty-one j'-ears of age weighing from 170 to 
200 pounds. The maximum foi women appears to be 3,000 foot pounds 
of work performed between the ages of twenty and twenty-seven by indi- 
viduals whose Aveight is about 150 to 180 pounds. Older and heaAuer men 
and Avomen show a decline in exercise tolerance. Children sIioaa' the great- 
est efficiencj^, that is, the number of ascents po.ssible in the giyen time is 
highest in the young. There is a sharp rise until i)uberty, then the 
slope is more gradual until the tAventies are reached. 

Thyroid extract, ephedrine, alcohol, excessiA'e smoking, and upper 
respiratory infections affect the results. 

The test is a definite aid in the diagnosis and eAmluation of cardio- 
vascular disease and in deciding hoAV much Avork, or sport, or other 
aetivitj^ the patient may be permitted. It also helps to differentiate 
functional and organic disease of the heart and is particularly useful 
in the anginal syndrome. 

The measure of exercise tolerance determined by the tAvo-step test 
is a fairly constant figure from day to day, and, unless one is in athletic 
training, similar results are common in those AA’-ho lead a sedentary 
and those avIio live an outdoor life. 

The exercise tolerance test may be the only objective eAudence that 
the myocardium is involved. 

The exercise test is not a strain, and no untoAvard results, even in 
eases of anginal syndrome, have ever been observed. 
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Clinical experience, matlieniatical deduction, and physiological rea- 
soning appear to prove that the test is an index of myocardial function. 
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THE CIRCULATORY RESPONSE TO EXERCISE IN PATIENTS 
WITH ANGINA PECTORIS^t 

Therapeutic Implications 

S. H. Proger, M.D.. W. R. Minnici-i, M.D., and H. Magendantz, M.D. 

■ Boston, Mass. 

S tudies of the pathological and clinical findings in patients with 
angina pectoris, begun by JenneN in Heberden’s time and con- 
tinued to the present, have yet to establish a constant or predictable 
relationship, except in the instance of coronary thrombosis, between 
what is observed clinically and what is found on post-mortem exami- 
nation. Coronary sclerosis is believed to be quite intimately connected 
with angina pectoris. It is well known, however, that sometimes even 
the most advanced cases of coronary artei’iosclerosis are associated 
with no clinical phenomena whatever. Monckeberg’s^ studies of the 
coronary arteries in the fatalities in the Great War showed that in 
652 autopsies coronaiy arteriosclerosis was found in 353 ; similar ob- 
servations were made by Rbssle.^ One is therefore tempted to con- 
clude, as does the pathologist Aschoff^ in remarking on the fact that 
angina pectoris has been observed where no coronarj'' sclerosis was 
present, "that purely functional factors may be responsible for the 
genesis of the disease.” Such inconsistencies betAveen pathological 
and clinical observations Avould make it appear that perhaps the im- 
portant differences betAveen patients Avith angina pectoris and indi- 
viduals in the same age group Avith no clinical cAudence of heart disease 
might be more manifestly physiological than pathological. 

Since angina pectoris is characterized bj’’ the deA'^elopment of pain 
on exertion, Ave haA'^e attempted to detennine AAdiat happens during 
exertion in patients Avho suffer from angina pectoris AAdiich differs from 
AA’hat is knoAvn to occur in those aaIio do not liaA^e angina pectoris. We 
refer, of course, to the so-called angina of effort. We have been unable 
to find any account of obserAmtions on patients AAuth angina pectoris 
during exercise, although it is under such conditions that Ave should 
expect to find the chief differences betAveen .such patients and normal 
people. Wayne and Laplace’ have recently recorded obserAmtions 
made immediately before and after attacks of angina pectoris induced 
by stair climbing. In this .study the physiological cA^ents preceding 
and pe rhaps responsible for the attack AA'ere not obseiwed. This Avas 

Dispen.=ary. and the Department of Medi- 
tThis .study was made possible by a gi-ant from the Bingham ^Associates Fund. 
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also true of the studies of AYood, Wolfertli and Livezey« who observed 
electrocardiographic changes during attacks of angina pectoris; and 
of Bischoff." Levine, Ernstene and Jacobson® noted changes occurring 
in pulse, blood pressure, and electrocardiogram before, during, and 
after induced attacks of angina pectoi’is ; but these attacks were in- 
itiated by injections of adrenalin, and one cannot assume that the 
circulatory response to adrenalin corresponds to the response to effort. 
The mechanism of the induction of pain under the two circumstances 
may well be entirely different. 

Seventeen patients with angina pectoris, sixteen male and one fe- 
male, have been studied. Six normal subjects in the same age group 
served as controls. The ages ranged between forty-three and seventy- 
two years. In all patients the history was obtained of substeimal pain 
brought on by exertion, relieved by rest. All patients were excluded 
where there was even the slightest doubt that they represented typical 
cases of angina of effort. The duration of angina pectoris in all eases, 
except two, was more than one year ; in three patients there was a past 
history suggesting coronary thrombosis. Further pertinent data con- 
cerning the patients with anghra pectoris are summarized in Table I. 


METHOD 


Observations were made at the same time of the day under the same 
conditions. Before exercise was begun, with the patient sitting quietly 
on a stationary bicycle, the blood pressure, pulse rate, respiratory rate, 
and respiratory minute volume were obtained. The patient then 
pedalled at a slow rate (fixed by metronome) and with a four-pound 
pull (185 kg. M. work per minute) for three minutes. During the exer- 
cise the number of heartbeats was recorded for each ten seconds. 
This was made possible through the use of a small portable cardio- 
tachometer designed and constructed by V. Guillemin of Massachu- 
setts Institute of Technology. Also, during exercise the blood pres- 
sure, respiratory rate, respiratory minute volume, and oxygen con- 
sumption were obtained for each minute. Immediately after exercise 
we continued to count the heartbeats in ten-second periods, and we 
recorded the blood pi*essure at intervals of one minute. Oxygen debt 
was measured for a ten-minute period. AVith such short and light 
exercise we found that at the end of ten minutes following the cessa- 
tion of exercise the oxygen consumption had practically reached its 
pre-exercise level. Oxygen consumption ivas measured using the open 
circuit method, the air samples being analyzed in a standard Haldane 
apparatus. 


To detennine capacity for work without pain we allowed the patients 
to pedal at a fairly rapid rate and with a six-pound pull (395 ko- M 

work ,wr minute) until the first evidence ol cardine pain developed' 
at which point the exercise w'as stopped. ’ 
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iiKSUi/rs 

General. — Thei'e were four genenil ly])e.s of response, llie inost strik- 
ing disturbance in tliese groups being (1) failure of pulse rale to rise 
normally during exercise; Ibis Avas accoinjjanied by nornial respira- 
tory response; (2) the development of cardiac irregularity (extra- 
systoles) shortly before the onset of pain and its disappeai-ance shoHly 
after the cessation of exercise (the response of the cardiac rate, blood 
pressure and respiration Avas normal in these eases) ; (tl) a thin, rapid, 
barely palpable pulse during exercise Avhich became full and sti-ong 



again shortly after the cessation of exercise (frequently, the pulse 
could not be palpated during exercise in these cases) ; associated Avith 
this pulse phenomenon in exercise A\’as a Ioav pulse pressure; (4) pri- 
mary respiratory distress Avith rapid pulse rate, the type of response 
chai-acteristicallj’ associated AA’itk cardiac Aveakness. 

Normal Response . — The response of only one of the normal subjects 
is described, since it is typical of Avhat occurred in the others. In this 
case (cf. Fig. 1) the respirations increased from 16 to 20 per miniAte, 
the respiratory minute A’olmne from 9.0 to 19.3 liters per minute, and 
the pulse rate rose from 88 to 109 during the fir.st. 111 during the 
second, and 116 during the third minute of exercise. In the third 
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minute after exercise it was back to 85. Tbe oxygen consumption 
rose from 270 c.c. per minute before exercise to 587 c.c. per minute 
during the first, 738 c.c. per minute during the second, and 804 c.c. 
per minute during tbe third minute of exercise. There was an oxygen 
debt of 850 c.c. The blood pressure is seen to rise from 114/82 mm. 
Hg before exercise to 130/80 mm. Hg in the third minute of exercise. 
It dropped quickly after exercise to its resting level. 

There was thus a sIoav rise in the respiratory rate, a moderate in- 
crease in pulmonary ventilation and pulse rate and a moderate rise 
in the oxygen consumption which in the second minute of exercise 
was within 10 per cent of what it was in the third. The blood pres- 
sure rose, as was to be expected, chiefly in the systolic phase so that 
the pulse pressure was increased. Tbe pulse was easily palpable dur- 
ing the exercise. 

RESPONSE IN PATIENTS WITH ANGINA PECTORIS 

Failure of Pulse Bate to Rise Considerahhj. — ^In six of the iiatients 
the pulse rate failed to rise, during exercise, to the normal level. In 
these cases the pulse rate during exercise did not exceed 90 per minute 
whereas the normal rise under the conditions of our experiments Avas 
to 110 to 120 per minute. In one case the rise Avas from 53 to only 66 
per minute. Usually the rate during exercise in this group Avas be- 
tu^een 75 and 85. These are rates recorded during the first experi- 
mental period Avithout preliminary training. In most of the cases the 
experiment Avas repeated several times. The pulse rate, instead of 
becoming still sloAver, as might be expected, either Avas unchanged 
or rose slightly. The tj^pieal response to exercise in one of the pa- 
tients in this group is seen in Pig. 2. There Avas practically no rise 
in respiratory rate, the pulmonary ventilation increased somcAAdiat, 
the pulse rate rose only from 60 to 81 per minute, and Aims 63 in the 
first and 58 in the second minute after exercise. The oxygen con- 
sumption rose normally, being practically the same in the second and 
third minutes of exercise. The oxygen debt Avas 520 c.c. The blood 
pressure did not change considerably during exercise except for a 
slight rise in the diastolic pressure. HoAvever, immediately after the 
exercise was finished, the systolic pressure rose and returned in tAVO 
minutes to the level before exercise. This failure of the blood pressure 
(usually systolic and diastolic, occasionally only systolic) to rise dur- 
ing exercise Avas noted in tAvo of the other three patients in this group 
in Avhom the blood pressure could be measured during exercise. In 
one of these patients, for example, the blood iiressure before exercise 
was 120/80 mm. Hg; during the third minute of exercise it was 

1 - 0 /on minute after exercise it had risen to 

lo2/90 mm. Hg; and it remained at this level for three minutes. In 

le other patient in this group the blood pressure Avas 142/76 mm. Hg 
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befoi’e exercise; 142/84 mm. Hg in tlie third minute of exercise; 
158/70 mm. Hg in the first minute after exercise; 152/78 mm. Hg in 
the second minute and 142/72 mm. Hg in the third minute after exercise. 

The failure of the blood pressure to rise during exercise was fol- 
lowed by a definite rise immediately after exercise. This type of 
blood pressure response was noted in onlj’- one of the other patients. 
Wayne and Laplace^ noted in some of their patients a rise in blood 
pressure after an attack of pain had been induced bj^ stair climbing. 
Although pain was not produced in our cases, it is likely that we are 
here dealing with the same tjq^e of response to mild exercise. Cotton, 
Rapport and Lewis” observed a similar rise in blood pressure after 



the end of exercise in some normal subjects. However, in most of 
these cases there was evidence of some rise in blood pressure during 
exercise also. 

Failure of the pulse rate to rise during exercise is an interesting 
phenomenon capable of various interpretations. In this connection 
it is interesting to recall some of the clinical observations made dur- 
ing attacks of angina pectoris by students of the disease. Osier re- 
marked, “Considering the increase in the respirations and the con- 
gestive .state of the face and the neck, I was surprised that the pulse 
changed so little.”^” In Mackenzie’s writings is recorded the follow- 
ing statement: “That attacks of great severity maj^ be accompanied 
by no change in the heart action i.s, I think, beyond doubt. Allbutt, 
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who apparently was intrigued by the frequent observation of the slow 
pulse rate during attacks of angina pectoris, graphically and in char- 
acteristic vein reminds us that “amid the agitation of patient and 
attendant, the heart, assumed to be the protagonist in the conflict, 
often seems to be the one impassive actor. 

Apparently the patients referred to in these quotations are in the 
same functional class as those under observation in this group. Occa- 
sionally, during experiments on patients in this group, cardiac pain 
supervened, and we found that the pulse rate remained slow. This was 
found to be true, also, on several occasions when some of the patients 
in this group were alloived to exercise until pain developed. We may, 
therefore, state that those patients in whom a slow pulse rate is noted 
during an attack probably have an abnormally slow rate during the 
exertion preceding and initiating the attack. 

Can this slow cardiac rate in anj^ way be responsible for the attack? 
Reiid® by the use of his “stromuhr” showed that for a given amount 
of work the total blood floiv through the coronary vessels is related 
chiefly to the rate of the heart and not to stroke volume or the mean 
arterial pressure. Other conditions being equal, the minute flow of 
blood through the coronary vessels is greater when the cardiac rate 
is more rapid. The volume of blood which flows through the coronary 
vessels ivas found to be more greatlj’- increased when the increased 
cardiac output was associated cliiefl^^ with an increase in cardiac rate 
than when this increase in cardiac output was largely due to an in- 
crease in stroke volume. Therefore, we may assume that in the pa- 
tients under discussion, a failure of the pulse rate to increase con- 
siderably during exercise may entail a less adequate blood flow through 
the coronary vessels. And, if we a.ssume that cardiac pain is the result 
of relative myocardial anoxemia, we may conclude that the failure, in 
these patients, of the pulse rate to rise during exercise perhaps is an im- 
portant factor in the production of the anginal attack. If the pulse 
rate is slow because of increased vagal tone, then the added factor 
of coronary constriction^"*’ resulting therefrom might also assume 
some importance. 


2. Exfrasystolcs on Exertion . — ^Iir tivo of the patients an irregular 
heart action developed on exertion which in one ease was found by 
electrocardiogram to be due to auricular and in the other to ven- 
tricular extrasystoles. The genei-al response to exercise in these two 
patients was otherwise not unusual. There was no abnormal response 
of the respiratory rate, pulmonary ventilation, or oxygen consump- 
tion. The pidse rate did not rise considerably in the ease of L.K., 
although the rate during exercise was not considered slow enough 
to place this patient in the preceding group. In the case of G.E.C. 
t le type of blood pressure response above referred to, namely a failure 
to nse except after exercise, was noted. 
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In both these cases exercise tolerance tests Avere performed, that is, 
the patients ivere asked to pedal at a fairly rapid rate against a pull 
of six pounds (395 kg. Avork per minute) until they experienced pain. 
In this manner under fixed conditions Ave found that on four occasions 
in the case of C.E.C. (cf. Fig. 3) the irregularity developed at about 
the same time before the onset of pain and remained for about the 
same time afterAvard. The leA'^el of the cardiac rate at Avhich the pain 
developed Avas somcAvhat variable. In the other patient, L.K., these 
same conditions obtained, the irregularity occurring 40 to 85 seconds be- 
fore the onset of pain and disappearing 30 to 70 seconds after the eessa- 



Flg-. 3. 

tion of exercise and after the pain had subsided or disappeared. The 
patients did not ride until the pain Avas fully developed but rather 
until they had the first intimation that pain Avas coming on. For this 
reason the duration of the pain AAms short. We Avere able to confirm 
the obsei’Amtions of Wayne and Laplace® and of Blumgart, Riseman, 
Davis and Berlin^® that under constant conditions cardiac pain is 
brought on by a fixed amount of Avoi'k, fairly regularly in a given 
patient.* In some of the patients presented in other groups an occa- 

*Tliis was so striking: that in several patients this fact has been helpful in the 
ulagposls of true angina pectoris. In such cases nitroglycerin invariably increased 
capacity for work, whereas a saline tablet used as a control would have no effect. 
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sional extras 3 ’’stole was found to be present in an inconstant manner 
after exercise or after an attack of pain. These patients, because they 
exhibited only rare extrasystoles and those inconstantly, are not con- 
sidered in this group. In one patient, however, frequent extrasystoles 
were observed before, during, and after exercise, the irregularity be- 
ing usually less marked during exercise. This patient will be included 
in this group in the discussion below devoted to thei'apeutic results. 
Wayne and Laplace noticed occasional extrasystoles at rest in a few 
of their patients with angina pectoris. In some they found extra- 
systoles when the pulse rate was approaching its normal level after 
exercise and often before the pain had passed off. It is quite possible 
that had observations been made during the exercise preceding the 
pain on those patients in whom extrasystoles were noticed before the 
pain had passed off, a relationship of the extrasystoles to the pain 
would have been observed similar to that recorded in our patients. 
Goldhammer and Scherf^^ noticed ventricular extrasystoles electro- 
cardiographically during attacks of angina pectoris. Allbutt quotes 
A. Morison as observing during an attack of angina pectoris that 
"the pulse was not quickened but during the pain it occasionally in- 
termitted.”^® Mackenzie^’’ obtained pulse tracings during an attack 
which showed extrasystoles. In another case of angina pectoris 
Mackenzie found the heart to be "veiy irregular in action due to groups 
of idioventricular beats. It was difficult to correlate the irregularity 
Avith the attacks of pain as he was not always aware that his heart was 
irregular, but it was fairly evident that the pain came on with exertion 
Avhen the heart was irregular.”^® Another patient of Mackenzie's ob- 
seiwed that his attacks occurred only when his heart became irregular. 
He Avas conscious of the irregularity.^^ 

It is possible that the irregularity is in some Avay responsible for 
the precipitation of the pain if Ave accept the vieAv that the pain is 
due to myocardial anoxemia as a result of coronary insufficiency. We 
should also have to assume, as Ave may, reasonably, that the coronary 
floAv is impaired in the presence of extrasystoles. We are inclined to 
the belief, as are Goldhammer and Scherff^ that the extrasystoles in 
these cases are in themselves evidence of myocardial damage, per- 
haps increased sensitiAuty from a relath'e ischemia. In such a case 
the extrasystoles Avould tend to increase the myocardial anoxemia, 
and the Aucious circle Avould end in an attack of pain. Evidence is 
presented below to support such a vicAv, for when the iiTegularity is 
abolished the heart can do much more Avork without pain. 

3. TMn,^ Rapid Pulse During Ezercise.—In three of the eases the 
pulse during exercise became rapid, thin, and frequently barely pal- 
pable. In these cases the pulse after exercise soon resumed the full 
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atroiig character which it had manifested before exercise. The pulse 
rate during exercise in these cases Avas OA'er 120, usually 135 to 160 
although the Aimrk was relathmly light (185 kg. per minute). It is 
noteivorthy that the pulse pressure during exercise in these cases 
either failed to increase significantl 3 '' or became smaller. Thus, in the 
case of E.P. (cf. Pig. 4) the blood pressure before exercise Avas 230/120 
mm. Hg AAoth a pulse pressure of 110 mm. Hg. In the first minute of 
exercise the pulse pressure Aims 110 mm. Hg, in the second minute 



92 mm., and in the third minute 90 mm. Tig. In the first minute 
after exercise the pulse pressure arose to 130 mm. Hg and remained 
aboA-e 100 mm. during the next feAA”^ minutes. The pulse rate AAdiich 
AArns rapid before exercise (112 per minute) rose to 162 during the 
exercise and four minutes after exercise AAms still 121. During exer- 
cise the pulse Aims frequent^ impalpable; at times it could barelj^ be 
felt, being exceedinglj^ thin. The oxj’-gen consumption, pulmonarj’’ 
A'entilation. and respiratoiy rates AA'ere nonnal during the exercise. 
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Perliaps it is tliis of patient in wiiom an abnormal sensitivity 
exists to adrenalin as suggested by Levine, Cutler and Eppingei. 
The tyiie of response might suggest excessive sympathetic stimula- 
tion, being accompanied as it is by such very rapid cardiac action. 
This rapid action might be taken to indicate that the heart muscle 
is working inefficiently, for as Starling and Visscher-^ showed, the 
heart uses less oxygen to do a. given amount of work when the rate 
is slow than when it is rapid. Thus a rate which is too rapid may 
lead to relative myocardial anoxemia and pain, ReiiP® demonstrated 
that for a given amount of work the coronary flow was greater when 
the heart rate was more rapid. The work of Starling and Visscher 
and of Rein might be interpreted together as indicating that as the 
internal work or energy expenditure of the heart is increased bj’' an 
increase in heart rate, the blood flow through the coronary vessels is 
increased to meet this added demand for oxygen. There is thus no 
inconsistency in the assumption that myocardial anoxemia with re- 
.sulting pain may be precipitated either because the heart rate cannot 
rise sufficiently (cf. group above) or because it rises too much. For, 
if it cannot rise adequately, the coronary blood floAV and, therefore, 
the supply of oxygen to the myocardium do not increase sufficient!}’’ 
to take care of the added Avork of the myocardium. In this case the 
added Avork of the myocardium is due chiefly to the increased stroke 
volume rather than to an increased heart rate. On the other hand, 
if the rate is too rapid, the energy expenditure of the myocardium is 
so great that the coronary floAV cannot be increased sufficiently to 
supply an adequate amount of oxygen. Thus, either an inability of 
the heart rate to rise adequately or a too great rise in cardiac rate 
may induce relative myocardial anoxemia. Therapy in either case 
.should be directed tOAvard obtaining a normal rate AA’hich teleologically 
might be assumed to be the ideal rate rather than one Avhich is too 
sloAv or too rapid; this, of course, in addition to coronary dilatation, 
if that be possible. One might also speculate on the possible effect 
on the coronary floAv of the failime of the pulse pressure to increase. 
Evidence in regard to the relationship of pulse pressure to coronary 
floAc is, hoAA'eA’er, contradictory.^^’ 

Regardless of the theoretical implications of the reactions, the fact 
remains that in some patients AAuth angina pectoris the pulse rate dur- 
ing exercise rises to an abnormally high level; in others to an abnor- 
mallA low leA’el. In order to observe such abnormal responses it is 
best to employ light exercise, or exercise of .such seAmrity that nor- 
mally a moderate rise in heart rate (to about 110 per minute) occurs. 
Then abnormally high or loAv levels are easily distinguishable. 

4 . Dyspnea Preceding Pain.—la three of the patients there was a 
definite and abnormal amount of dyspnea during the exercise. In 
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one patient (G.G.E.), tlie most striking in tliis group, tlie respiratoiy 
rate at rest was 16 per minute, tlie respiratory minute volume 12.6 
liters. In the first minute of exercise the respiratory rate had risen 
to 22, the respiratory minute volume to 24.6 liters, and in the second 
minute of the exercise the respiratory rate had reached 36 and respira- 
tory minute volume 36.8 liters. In the next five seconds the patient 
developed cardiac pain and ceased pedalling. ' This patient was ob- 
viously markedly dyspneic before the onset of the pain. (Pulse rate 
had reached 138.) Despite this, careful inquiry before the test had 
revealed no story of dyspnea in anj'- waj'’ associated with his pains, 
and in response to a question after the test he replied that he had 
experienced no dyspnea. This ease illustrates the inadequacy of simple 
inquiry in regard to information concerning the association of dyspnea 
with cardiac pain. 

A second patient in this group, however, had noticed that he was 
definitely "ivinded’' before he developed pain. In the third case, the 
history was indefinite. 

In the two patients in this group in whom we were able to determine 
the oxygen consumption for the full three-minute period there was 
a slight delay in the increase of oxygen consumption during exercise 
and subsequently a somewhat greater oxygen debt (L.H. 0, at rest 
266 c.c. per minute, during first minute of exercise 300 c.c., during 
the second minute 527 c.c., and during the third minute of exercise 
777 c.c. The oxygen debt was 1,100 c.c.). This is the type of reaction 
associated with cardiac Aveakness.^^’ 

We interpret these findings as indicating that there is primaiy car- 
diac wealmess AAdiich leads to general anoxemia on exertion manifested 
by breathlessness Avhieh in turn leads to local myocardial anoxemia 
and pain. Perhaps the pain preA'^ents too much exertion and thus too 
early heart failure in this group. 

5. Normal Response . — In tAvo of the patients the response to exer- 
cise Avas the same as in the normal subjects. In these cases perhaps 
features of the circulatory response AAdiich Ave did not stud5’' might 
have been found to vary from the normal. 

Discussion of Results . — ^It seemed to us not so important that there 
Avere the specific groups Avhich Ave liaA'^e outlined as that. in a relatively 
small number of eases so many different types of reactions should 
have been observed. More cases Avill undoubtedly reA'^eal even more 
types of response. 

Thus, from another angle ^ve are once more forced to the AdeAvpoint 
that angina pectoris, CA’^en the angina of effort, is merely a symptom 
AAdiich may be a manifestation in different people of AAudely different 
disturbances. Given a patient AAdth the symptom of cardiac pain on 
exertion, it is desirable to determine Avhat type of circulatory disturb- 
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ance that patient has and to attempt to direct therapj^ toward correct- 
ing that disturbance. Even if we assume the pain of the angina 
pectoris of eifort ahvays to be due to relative myocardial anoxemia, 
there is no reason why various factors may not produce such a state. 

THERAPEUTIC INDICATIONS IN THE VARIOUS TYPES OP RESPONSES 

In that group of patients in whom the pulse rate failed to rise 
adequately during exercise it seemed likely that we might expect 
some benefit from the use of atropine since atropine not only raises 
the resting pulse rate but allows a pulse rate to reach a higher level 
during a given exercise without a concomitant increase in the level 
of oxygen consumption for that exercise.^^ In one patient in this 
group on whom frequent observations were made after careful control 
we found that there was no increase in capacity for work when atropine 
was administered in doses (1 mg. subcutaneously) large enough to 
produce a greater rise in pulse rate during exercise than in the con- 
trol period. In another patient the capacity for work without pain 
was perhaps slightly diminished. This patient, however, had frequent 
extrasystoles before and after but to a lesser extent during work. 
Not only were the resting pulse rate and the rate during exercise in 
these cases increased (average increase in rate about 20 per cent), 
but the rate after exercise remained considerabty elevated for several 
minutes instead of rapidly (1-2 minutes) returning to the pre-exercise 
level. The usual almost immediate slowing of the pulse rate 
after exercise noted in this group gives to the palpating finger an 
impression to which Allbutt must have been referring when, in describ- 
ing the pulse during an attack of angina jiectoris, he remarked, “Not 
uncommonly, to the sensitive finger, there is to be noted in one or 
more beats a deliberation, an impression of delay ... it reminds one 
of the momentary self-collection of a horse before he leaps. This 
sensation, as though the pulse were holding back, was noted only after 
exercise. This state was abolished by atropine. 

We were able to observe the effect of six weeks of absolute bed rest 
in one of the patients (C.J.E.) who had considerable breathlessness 
preceding the cardiac pain and in whom we assumed early left ven- 
tricular failure to be present. This patient received no digitalis. Dur- 
ing the first few days of his hospital stay where he was under Dr. J. H. 
Pratt's care he had a definite diuresis on a Karrell diet. This was 
interpreted as confirmatory evidence of presence of cardiac weakness. 
When he was seen some two weeks after the period of bed rest, his 
response to exercise was essentially unchanged, there being only a 
slight decrease in his pulmonary ventilation and obvious breathless- 
ness during the exercise. His field of cardiac response, as measured 
by the amount of work neeessar 5 >- to produce pain, was practically 
unchanged. It is obviously unfair to conclude from this one case 
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that iiroloiigecl bed rest is of no value in this type of case. Perhaps 
the addition of digitalis might help. This same patient, before he 
■was put to bed, reported marked improvement folio-wing the use of 
one of the adenosin preparations. Examination indicated tliat though 
there was a subjective sense of improvement the actual amount of 
work he could perform under fixed conditions before cardiac pain 
supervened Avas absolutely unchanged as ivas the response of his 
cardiovascular system to exercise. This ease may be taken to indi- 
cate hoAv unreliable are simple reports of improvement based on sub- 
jective observations. 

Results With Q^dnidine Sulphate. — ^In both of the patients in Avhom 
oxtrasystoles Avere found to appear just before the onset of pain and 
to disappear shortty after the cessation of exercise, quinidine sulphate 
Avas employed in doses up to 0.4 gram, four times a dajL On the 
assumption that the extrasystoles decreased the effective coronary 
flow during exercise and hence the supply of oxygen to the myo- 
cardium, Ave sought to abolish the extras3’'stoles and thereby increase 
the cardiac efficiency duiang exercise. This was possible Avith quinidine. 

Thus one patient (L.K.) deA^eloped cai’diac pain pedalling on a 
stationary bicycle under the same conditions Avith a fixed load and 
at a fixed speed in from four minutes tAventy seconds to fiA’-e minutes 
tAventy seconds on six occasions Avithin one Aveek. Tavo days after 
the last of these observations AAdien he Avas taking 0.5 gram of quini- 
dine sulphate four times daily he Avas able to pedal for nine minutes 
and forty seconds (cf. Fig. 5), and AAdien the pain did appear, it Avas 
definitely much milder than it Avas during the control period. During 
the control period this patient regularly deA^eloped auricular extra- 
systoles from forty to eight 3 ''-fiA'^e seconds before the onset of his pain. 
The irregularity persisted from thirty to seA^enty seconds after the ex- 
ercise. With quinidine, Avhen he Avas able to do tAvice as much Avork 
before pain deA'^eloped, there Avere no irregularities in the pulse be- 
fore, during, and after the exercise. When the quinidine Avas discon- 
tinued for three days, the exercise tolerance dropped to fiA^e minutes 
and fifty seconds, and the irregularities reappeared in the manner 
described above. This patient has been taking 0.4 gram of quinidine. 
sulphate three times a day regularly for fiA’-e months. His exercise 
tolerance, last measured after four and one-half months of quinidine 
therapy, remained OA^er ten minutes (exercise was stopped at ten 
minutes though there Avas no pain). He has Avorked as a janitor in 
a large school through a A^eiy scA’-ere Avinter Avith no great discomfort, 
although his duties liaA^e included shoA'^eling snoAiq moAung bai*rels of 
ashes Aveighing about 100 pounds, etc. Before quinidine therapy he 
bad been unable to carry on his Avork eA’^en in the Avarmer Aveather 
of the fall. 
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Qiiinicline not only regulated tlie heart rate in this patient but also 
caused a greater and more rapid rise during exercise as ^yell as a 
slower return to the pre-exercise level. The accelerating effect of 
quinidine differed from that of atropine in that the quiuidine caused 
the rate to rise more quickly, though to no higher level. The sensa- 
tion of deliberation or holding back of the pulse above referred to, 
which was noted in both patients of this group, was abolished both by 
the atropine and by the quinidine. This accelerating effect was ap- 
parently in no way responsible for the improvement in capacity to 
work, for Avhen this effect wore off in a few daj^s while the patient 
was still taking quinidine (heart rate 102 per minute during the 



Fig. 5. 


moderately severe work of the exercise tolerance test) the improve- 
ment eontinued. The irregularity, howevei', remained absent. This 
would indicate that it was simply the abolition of the iiTegularity 
which brought about the improvement. 

A comparison of the effect of atropine and quinidine in tlie patient 
to whom we have just been referring is seen in Fig. 5 in which the 
quicker rise in pulse rate as well as the prolongation of the ability 
to perform the Avork is readily seen, l^iis figure also illustrates the 
absence of any relationship betAveen the level of the heart rate during 
exercise and the onset of pain in this patient. 

The other patient Avho showed the same type of pulse rate response 
(cf. Fig. 3) developed pain on four occasions before quinidine after 
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pedalling 90 to 120 seconds; whereas after the irregularity had been 
abolished by the use of quinidine, he was able to pedal for four min- 
utes, when he stopped because of fatigue and not because of pain. 
In this case, too, the pulse rate after quinidine rose more quickly to a 
higher level during exercise and remained at a high level for several 
minutes after the cessation of exercise. 

In a third patient (E.L.) who had many extrasystoles before, dur- 
ing, and after exercise, quinidine sulphate was also given. In this 
case the irregularity was usually less marked during than before and 
after exercise. This patient was able to pedal on six occasions be- 
fore the cardiac irregularity was abolished by quinidine sulphate for 
an average of four minutes and fifty seconds (variation three minutes, 
forty seconds to five minutes, twenty-five seconds) . When the heart rate 
became regular, he was able to pedal from seven minutes, thirty seconds 
to eight minutes, when he stopped beeause of fatigue. In this ease the 
quinidine did not have even an initial accelerating effect on the heart 
rate. 

In two of the patients Avho exhibited only occasional single ectopic 
beats quinidine sulphate did not increase the capacity for work. 

Beeause of the heart rate accelerating properties of quinidine the 
drug was given to two patients in whom there was a relatively slow 
pulse rate during exercise, in an attempt to learn whether the change 
in the pulse rate during exercise under these conditions might have 
some effect on the capacity for Avork. Since the accelerating effect 
of quinidine is only temporary, a prolonged effect on exercise tolerance 
Avas not anticipated. One patient (O.H.) shoAved no definite improve- 
ment; the other patient (L.N.) AA'as able to double his capacity for Avork 
when his pulse rate rose more rapidly and to a greater level with quin- 
idine. Unfortunately, only one obseiwation could be made in this case 
after the control period because of the development of symptoms of quin- 
idine intoxication. It is notcAvorthy that despite definite objective 
evidence of improvement this patient reported that he seemed no bet- 
ter. The fact that definitely more exertion Avas required to elicit 
the pain had not impressed itself on his mind. Even after the test 
AAdien he Avas told he had done tAAuce as much Avork as before, he 
seemed surprised; he simply kneAV that pain came on Aidth exertion. 
This patient again illustrates how difficult is the evaluation of thera- 
peutic effects in patients Avith angina pectoris, based on their OAvn 
reaction. 

On the other hand, Ave liaA'^e one patient who kept a daily record 
for six Aveeks of the number of nitroglycerin (0.065 mg.) tablets he 
required for relief of pain in his. daily Avork as a truck driver. He 
took the nitroglyeerin only when -the pain Avas severe. During this 



PROGER ET AE. : CIRCUEATORY RESPONSE TO EXERCISE 


527 


period we made observations on his capacity for work under the con- 
ditions above described. A few months later when he siDontaneonsly 
improved to the extent that he took no nitroglycerin for three weeks, 
his exercise tolerance as we measured it remained essentially unchanged. 
He insisted that his activities in his daily life were in no way changed 
and that he could definitely do more work without discomfort. - The 
weather was essentially unchanged. This leads ns to suspect that 



there is not necessarily a direct relationship between true clinical im- 
provement in angina pectoris and changes in standard exercise toler- 
ance tests. 

Effect of Total Ablation of TMjrokl.—Fowr patients with angina 
pectoris were studied before and after total thyroidectomy. The op- 
erations were performed by Drs. D. Berlin and E. C. Cutler of the 
Betli Israel Hospital and Peter Bent Brigliam Hospital, respeetively. 
In two of the patients there was considerable relief following the op- 
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eration; in two tlie relief was onlj'’ slight. Examinations were made 
postoperatively when clinical signs of mj’-xedema were just appearing, 
and, except in one case, before thyroid substance was administered. 
Pig. 6 represents the results in one of the two patients (T.C.) who 
showed definite improA^ement both subjectiA'el.y and objectiA'^ely (stair- 
climbing tests luider Dr. Riseman’s superAdsion at the Beth Israel 
Hospital) and in one of the tAAm patients AAdio shoAA'^ed only slight 
improA’'ement. In both cases there Avas a slight decrease in the level 
of oxygen consumption during exercise and perhaps a slight decrease 
in oxygen debt (differences here .recorded for oxygen debt are Avithin 
the range of our experimental error). There Avas no significant dif- 
ference in either patient in 1 ‘espiratory rates or pulmonaiy ventilation 
before and after thyroidectomy; neither Avas there any essential dif- 
ference in the tAvo patients in the response of the pulse rate to exer- 
cise, the rate in both cases reaching a higher level after the opera- 
tion than before. This change in pulse rate Avas perhaps more striking 
in the patient Avho shoAved considerable improA'^ement than in the pa- 
tient in AAdiom improA'^ement Avas onlj’’ slight. lioAVCA’-er, in general 
it can be said that there Avas no striking difference in the postopera- 
th^e response in these tAVO patients Avhich might account for the dif- 
ference in improvement. Perhaps the reason for this difference lies 
in the presence or absence of Amiying degrees of fixed pathological 
changes. 

Effect of Loivering Basal Metaholism hy Dietary Restriction. — Con- 
siderable interest has been attached of late to the importance of the 
basal metabolic rate in patients Avith heart disease. Total thyroidec- 
tomy has been performed in an attempt to reduce the strain on the 
heart bj’’ lessening the need of tissues for oxygen.^”’ 

Almost tAventy years ago Benedict, Miles, Roth, and >Smith,^^ in an 
important and comprehensiA’^e research demonstrated that a A^eiy ef- 
feetWe and simple method of reducing the leA’^el of tissue metabolism 
Avas by the use of moderate dietary restriction OA’-er a period of seA'^eral 
Aveeks. In a group of healthy young college students they Avere able 
to pi’oduce a loAvering in the aA’^erage basal metabolic rate of about 
20 per cent by a moderate restriction in diet AAdiich led to an average 
loss of about 10 per cent in body Aveight in tAvo months. There Avas 
thus a decrease of approximately 30 per cent in oxygen consumption. 
This figure Avas further substantiated by the fact that in the next 
tAvo months the body Aveights remained practicallj^ unchanged Avith 
a calorie intake AAdiich Avas loAver by approximatelj'' one-third than it 
AA^as at the beginning of the experiment. It is significant that not 
only the leA^el of oxygen consumption at rest but the leA'el at Avork 
as AA'ell AA'as loAA'ered in the same general ratio. Tliis change took place 
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with no real impairment in health. The authors made the statement, 
“The beneficial effects in many jiathological cases of lowering the 
metabolism perceptibly will, it is confidently belicYed, be demonstrated 
in the near future.” 

It seemed to us that the pathological cases in A^dlich such a state 
would be extremely desirable are those with cardiac weakness. Ob- 
servations are being' made at present on the eftects in patients with 
clironic myocardial disease of lowering the body metabolism by dietaiy 
restriction.®" 

It seemed also that by the use of dietary restriction we could de- 
termine whether it is the lowering of the basal metabolic rate which 
is responsible for the improvement Avhich has recently been observed 



Fig. 7. 


in patients with angina pectoris who have had total thyroidectomies, 
or some other as yet unknown change associated with the operation 
itself or tlie hypothyroid state. With this in mind, we placed two 
patients with angina iiectoris, who apparently responded normally to 
the exercise tests above described. In one case (P.A.) the initial 
basal metabolic rate was minus 19 per cent. There was no drop in 
the basal metabolic rate in this patient. In the other patient (L.G.) 
the initial basal metabolic rate was minus 11 per cent. In this case 
a drop in the basal metabolic rate of 15 per cent with a loss in body 
weight of about 10 per cent was followed by no imiirovement in ca- 
pacity for work. There was associated with the lowered basal meta- 
bolic rate a lower level of oxygen consumption during work, a slower 
pulse rate, slightly lower blood pressure at rest (no essential change 
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during work), and a sliglitly lower resting circulation time. Despite 
the drop in oxygen consumption and other apparently more favorable 
conditions for the cardiovascular mechanism, the angina pectoris 
remained unimproved as measured by exercise tolerance tests. The 
changes in oxygen consumption during vmrk in the two patients are 
illustrated in Pig. 7. An adequate preliminary period of training 
eliminated a ti’aining effect as a source of error in interpretation. 

This would indicate that some factor other than the hypometabolism 
is responsible for the prolonged improvement seen in angina pectoris 
following thyroidectomy. One of these factors may presumably be 
the general diminution in sensitiveness to all forms of sensation. Pa- 
tients with myxedema seem slower to appreciate ordinary painful or 
otherwise uncomfortable stimuli, nor do they respond so acutely. Per- 
haps that is the reason why in two of our patients who had total 
thyroidectomies the remark was frequently made that even when the 
pain did develop it was not so severe. 

SUMMARY AND CONCLUSIONS 

1. Seventeen patients with angina pectoris and six normal controls 
in the same age group were studied in the following manner: The 
subjects pedalled on a stationary bicycle at a fixed load and speed for 
three minutes. The blood pressure, pulse rate, respiratory rate, pul- 
monary ventilation and oxj^gen consumption were measured before, 
during, and after (oxygen debt) the exercise. The oxygen consump- 
tion was measured during each minute of the exercise. 

2. There were four general types of .response in the patients with 
angina pectoris, the most significant disturbance in these groups be- 
ing: (I) failure of the heart rate to increase normally during exer- 
cise; (II) the development of cardiac irregularity (extrasystoles) 
shortly before the onset of pain and its disappearance shortly after 
the cessation of exercise; (III) a thin, thready, rapid, barely palpable 
pulse during exercise associated with a failure of the pulse pressure 
to increase normally with a return to normal shortly after the cessa- 
tion of exercise; (IV) primary respiratory distress with rapid pulse 
rate ehai’acteristic of cardiac weakness. In eacli group the disturb- 
ances might be interpreted as favoring the development of m 3 '-ocardial 
anoxemia. 

3. In two of the patients the response to exei’cise was considered 
normal. 

4. The variety of types of response to exercise was taken to indicate 
that angina pectoris is merety a symptom which may be a manifesta- 
tion in different people of widely different disturbances. 

5. In Group I the administration of atropine pennitted the heart rate 
to rise to a higher level during exercise but did not increase the ea- 
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pacity for Avork Avitliout pain. In one patient in Group III absolnte 
bed rest for six Aveeks AA’’as folloAA’-ed by no demonstrable objectWe 
signs of improvement. 

6. In Group II tbe abolition of the cardiac irregularity by tbe use of 
quinidine sulphate resulted in a striking increase in capacity for AAmrk 
Avitliout pain. 

7. Four patients AA'ere obserA^ed before and after thyroidectomy. Clini- 
cal improvement did not parallel changes in response to Avork, these 
changes being a slightly greater increase in pulse rate during exercise 
AA’-here it had been abnormally Ioav before the operation and a loAver 
level of oxygen consumption during exercise as Avell as at rest. 

8. LoAvering of the level of oxygen consumption at rest and during 
exercise by means of a prolonged restricted diet did not increase the 
capacity for Avork AAOthout pain in one patient. 
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THE REESTABLISHMENT OP CARDIAC CIRCULATION DURING 
PROGRESSIVE CORONARY OCCLUSION^' 

An Experimental! Study on Dogs 

Harold P. Robertson, jM.D. 

Boston, Mass. 

T here are numerous reports of hearts having continued their 
functions while the coronary vessels were more or less occluded.^"'’' 
Pour main explanations for this j)henomenon are found in the litera- 
ture. (Pig. 1.) First, there is the so-called “thebesian backflow” 
theory. Recent investigators have amplified, by excellent anatomical 
studies, previous records concerning vessels that run in tlie myocar- 
dium between the arteries and veins of the heart and the heart cavi- 
ties.^- It has been suggested that blood might enter the heart wall 
from the heart cavities along these channels spoken of, respectively, as 
vessels of Vieussens or of Thebesius after their original discover- 
ers.*’’ Full proof that these vessels may perform this function is 
lacking ; indeed, the explanation requires further physiological sup- 
port.^^ Such a backflow into the myocardium would be quite extraor- 
dinary dui'ing systole when the intramural pressure is at least 50 
mm. Hg higher than the intraventricular pressure. During diastole, 
pressures are more nearly equal, but Avhether the intracardiac pressure 
is ever great enough in diastole to force blood into the heart Avails is 
still to be proA’ed. That some ebb and floAv takes place seems possible 
from certain data.^- Second, there is the suggestion that a com- 

pensatory blood floAv b}^ Avay of intercoronary Amssels, epicardial ves- 
sels, including the rami telae adiposae, and their various thoracic 
anastomoses through the aortic vasa Amsorum, niaj-' feed the myocar- 
dium.'^ Epicardial vessels have been shoAvn to bridge Avidely occluded 
gaps in the coronary circulation, and there is no doubt that ramifying 
intercoronary vessels play a major role in maintaining manj^ hearts 
Avith pai-tial occlusion.^ Very meager evidence, hoAvever, has been 
presented that these vessels might receive sufficient blood from aortic 
vasa vasorum to sustain the myocardium Avhen the coronaries Avere 
completely or almost totally occluded. Third, it has been suggested 
that venous backfloAv from the right auricle Aua the coronary sinus 
might suffice to nourish the heart.- Such a sinu^ backfloAV could be 
for only a very brief period in each cardiac cycle because the auricle’s 
small p ositive pressure barely precedes the abrupt and extensive rise 

*Prom the Laboratorj- of Surgical Research. Harvard Medical School, Boston, Ma.s.s. 
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in coronary sinus and venous pressure wliicli accompanies ventricular 
systole. As the veins were tied off in the first stage of our experi- 
ments, a test of this theory here was immediately ruled out. Foui’th, 
it has been shown by experiment that adhesions between the heart and 
the thoracic viscera may carry numerous vessels to the heart wall. 
This method of supply is uncommon in human material, and in experi- 
mental studies such vessels played a minor role in the heart's blood 
supply.^® 

It is certain from the above data that certain hearts do receive suffi- 
cient nutrition for their functions in some waj’" while their main source 
of supply is diminished. Experiments with isolated or partially iso- 
lated hearts tend to confirm this finding, the majority of workers 



Fig. 1 — Four suggested sources of blood supply to myocardium when the coronaries 
are closed. 

1. Backflow from heart cavities into heart wall through (A) vessels of Thebesius, 
(5), vessels of Vieussens. 

2. Coronao’’ vessel anastomoses through vasa vasorum of great vessels with tlie 
thoracic vessels. 

3. Backflow from right auricle along coronary sinus into heart wall. 

4. Vascularized adhesions between the thoracic wall, thoracic viscera and dia- 
phragm, and the pericardium and heart. 


favoring the “thebesian backflow” theory, a few adding to this the 
“coronaiy sinus backflow” theory, as the modus operandi. However, 
many isolated mammalian hearts may function Avell for some time on 
little nutrition, and perfusion experiments rai’ely parallel conditions 
in human material. Stella’s cai'eful experiment indicated that no 
backflow from the heart cavities to the cardiac vessels actually oc- 
curred in the noimial heart.^^ Whether any change occurs in abnormal 
hearts favoring a backflow fi’om the heart cavities into the heart wall. 
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awaits further proof. . It, therefore, seemed reasonable to put the mat- 
ter of cardiac nutrition during coronary obstruction to actual test in 
the living animal by producing gradual coronary occlusion and noting 
in what manner myocardial circulation was reestablished. 

METHOD 

The experimental method was as follows. The coronary sinus and the main veins 
of the heart were tied in from one to' three stages before arterial ligature was com- 
menced to encourage dilatation of the thebesian vessels and of the coronary vessels 
generally. 16 , it The coronary arteries were then tied in several stages, the average 
animal having all main veins and arteries ligatured at the' end of six operations. 
The hearts were closely watched at each stage for evidence of developing cardiac, 
pericardial, aortic, and thoracic anastomoses; and for any increase in the size or 
vascularity of the epicardial and periaortic fat pads or the pericardial fat. IFinally, 
in the surviving dogs, the ver}'^ vascular pericardial adhesions formed during these 
procedures were stripped from the hearts to judge what part they took in nourishing 
the myocardium and to see whether thebesian-like vessels, the only likelj’^ remaining 
source of blood suppty to the heart, could support cardiac function. 

A typical protocol is as follows: Dog B-98'33. Young, female police dog, 15 
kg. wt. Intertracheal ether and Erlanger respirator were used throughout. Except 
as noted in the last procedure, the chest was always opened by intercostal incision, 
closure being done in layers. 

Procedure I: February 20, 1933. Left chest was opened. Heart showed normal 
vascular distribution. Coronary sinus was tied between posterior central vein and 
right auricle. There was immediate bulging of sinus and all veins of left heart. 
Bluing of left heart wall commenced and small vessels previously invisible appeared. 
In five minutes arterial dilatation was moderate and petechial-like spottings were 
seen over the main vessels about which white fluid had gathered under the epicardium 
which was raised. During tliis time the heart rate slowed and contractility de- 
creased. Chest was closed. Postoperative condition good. Frocedure II: March 8, 
1933. Eight chest was opened. Veins of right heart were normal, anastomoses 
between great cardiac vein and middle cardiac vein were enlarged. Veins were tied 
off, heart was unaffected, chest was closed, condition was good. Procedure III: 
April 26, 1933. Left chest was reopened. Pericardium was laden with avascular 
fat, many vascular adhesions between vessels of pericardium and epicardial vessels 
of left heart, all of which were increased in number and size, especially at the apex. 
Great cardiac vein and anterior descending ramus of left coronary were tied just 
under the tip of the left auricular appendix. No change in color of heart or rate 
of beat. Chest was closed. Condition was good. Procedure IV: May 19, 1933. 
Eight chest Avas reopened. Many vascular adhesions to right margin heart and about 
apex Avhere the whorl of vessels was present. All branches (4) of right coronary were 
tied just at auriculovcntricular groove. Heart slowed and contractility was lessened; 
there was bluing of the posterior apical region of the heart. Chest was closed. Im- 
mediate recovery was good, but later there was moderate edema of the legs lasting 
two weeks, then complete recovery. Procedure V: July 12, 1933. Left chest was 
reopened. Fat of mediastinal septum and pericardium markedly increased and 
very vascular; vascularized bands from chest Avail and diaphragm to pericardium, 
through this to heart Avail. Left marginal branches of left coronary Avere tied, the 
left cororiUry itself Avas tied without production of cyanosis or change in rhjdhm. 
Fight coronary Avas tied. Condition Avas good. Procedure VI: August 18, 1933. 
Sternum was split and profuse vascular adhesions were seen from the chest wall and 
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diaiJliragin and lungs to pericardial vessels which in turn joined myocardial vessels 
hy virtue of the adlierent periciirdiinn. Pericardium \vas stripped from myocardium, 
numerous vascular adhesions being cut and tied, leaving many patches of cyanosis. 
Chest was closed and dog remained well for a time witli slight edema of legs. This 
gradually increased and after one remission of two weeks’ duration the dog died in 
October of cardiac failure. This was the only animal to survive the last procedure 
of tlie experiment for more than a few hours. 

observations 

Our observations will be grouped briefly under the various opera- 
tive stages of tbe expei-iment. The venous ligatures were well toler- 
ated by all animals. Tlie left heart of some animals, when the coro- 



Fis:. 2. — ^A slide from a serial section study of a heai t after coronaiy sinus, cor- 
onary veins and coronary arteries liad been tied. Arrows follow two large vessels 
from heart cavity through left heart wail to two eplcardial vessels, one an artery, 
one a vein. These vessels were commonly seen. 


nary sinus was tied, showed more cyanosis, more temporary venous 
engorgement, and a greater amount of coronary arteiy dilatation than 
did otliers. This variation depended on how well the thebesian ves- 
sels responded to the extra load on their ordinary function'of draining 
the heart wall of blood not carried off. by the various cardiac veins. 
The sinus ordinarily drains off two-thirds of the heart’s blood, chiefly 
the left heart’s. When the sinus is closed, this blood is forced into 
the heart cavities through thebesian channels or through the venae 
cordis minima e. It cannot be said definitelj'- to what extent accessory 
ve.ssels were enlarged by this procedure; but serial sections from the 
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Pig. S . — A slide from a serial section study of a heart after coi’onar>'^ sinus, veins, 
and coronary artei'ies had been tied. The vessels indicated by arrows penetrate the 
full thicknes's of the left heart wall, are quite dilated, and make wide anastomoses 
during their course. 



Fig. 4. 


of ronnc Epsierior longitudinal sulcms. (J?) Region 

hcart^^inY^^'d vo1nI'j.TthelrLa\"%l4 anastomose with right 
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hearts slio-^ved large vessels, eounectirig the heart cavities with the 
epicardial vessels, widely open at the end of the experiments (Figs. 
2 and 3). By the time the main veins and any large tributaries had 
been tied, scanty adhesions amounting to avascular fibrinous deposits 
had formed between the heart and the pericardium but were easily 
separated. Frequently a whorl of enlarged veins was present at the 
apex of the heart and in other anastomotic regions such as the conus 
arteriosus (Fig. 4). 



Figr. 5. — Vascular, adhesions nourishing' the heart -^’an after all vessels ligated. 


Ligature of the smaller branches of the right and left main coronary 
stems, then the main stems, a short tvay from their origins, was canned 
out without mishap even though at the latter stage quite firm and 
vascular adhesions were often present which stripped from the heart 
with difficulty. The majority of the hearts showed a whorl of arteries 
and veins at the apex. This was best developed in hearts which had 
shown unusual cyanosis and vascular dilatation of the left heart fol- 
lowing venous ligature. A similar change was found over the conus 
arteriosus. Both areas are sites where coronary anastomoses develop 
readily (Fig. 4) . A few of the hearts showed an increase in epicardial 
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fat, especially in tlie anastoniatic areas just mentioned, -vvliere venous 
congestion; was or had been marked; hut the fat was not vascularized 
to any extent though found, in areas more vascular .than usual. No 
evidence of increased anastomoses. between the aortic vasa vasorum 
and the epicardial vessels was found.; . . 

The final coronary ligation closed )the. main trunks at their origins, 
any accessory vessels found being, also tied. The dogs all survived 
this final procedure for at' least some hours;. the majority, however, 
died in twenty-four, to forty-eight hours. Three suffered little or no 
ill effect. All the animals showed a great increase in vascularity and 
density of the pericardial adhesions, .the vessels of .which formed well- 
defined anastomoses between various thoracic vessels and the heart 
wall, especially marked along the course of the phrenic ' and internal 



Pig-. 6. — Section from lieart wall after coronaiT artery and vein occlusion. Large 
Channels run into the Inner myocardium from the interstices Between the trabeculae 
carnae. Although the inner heart wall is well nourished, these channels approximate 
M area of muscular degeneration and fatty infiltration occtipying the outer half of the 
neart wall which they apparently could not nourish. Otiier sections showed degenera- 
tif.Jv.il' ^ heart wall with intact inner half of wall and no demonstrable 

iJlfJl® * vessels. The presence or absence of thebesian-like vessels seemed to 
have little to do mth the state of myocardial nutrition. 


mammary vessels (Fig. 5). These vascular adhesions were, of course, 
partially severed in tying the coronaries. Their separation and liga- 
ture pi'oduced definite areas of cyanosis of the heart wall. The actual 
ligation of the coronaries produced very little or no change in the 
appearance of the heart wall. As a rule, it was the animal whose heart 
appeared to be so largely nourished by the thoracic adhesions that 
survived only a short time. In these fresh infarctions were found at 
autopsy at points indicating that , the vascular supply from other 
sources than the pericardial adhesions had been insufficient for cardiac 
vitality. It was felt that, though some trauma was done the hearts. 
It had not been sufficient by itself to. cause the postoperative deaths.’ 



540 


THE AMERICAN HEART JOURNAL 


There was no further increase in eiiicarclial fat or epieardial anas- 
tomosing vessels, and no enlargement of aortic vasa vasornm was seen. 

The thi-ee animals surviving eomijlete coronary ligature were opened 
later, and the pericardial adhesions were completely separated. A 
definite inei-ease in pericardial fat ivas found, largely avascular. There 
was only a slight increase in the epieardial fat over the increase seen 
following the first arterial closures. Prolific Avascular adhesions Avere 
l^resent arising from many sources, chiefly from the phrenic A'essels, 
the internal mammary A’essels and from pulmonary A'essels AA’hich had 
appeared at the lung borders to groAV into the pleuropericardial ad- 
hesions (Pig. 5). The separation and ligation of these A’ascular ad- 
hesions left areas of c.A’anotic heart muscle oljA’iously iiifarcted. Onlj’ 
one animal surAdAmd the operalioii; the others died in tAvehm to 
tAventy-four hours from typical cardiac failure. Wide.spread recent 
infarction AAms found at autop.sy; and CA’idenees of prcA'ious sclerosing 
infarctions patently from the former ligations. The one surviA’or de- 
veloped edema of the legs Avilh hydrothorax and a permanent auricu- 
lar fibrillation. After several Aveehs the animal recovered for a time 
but edema again occurred and the animal died AAulh all the signs of 
eai’diae insuffieienc3L The heart Avas found to have redcA’eloped A’aseu- 
lar pericardial adhesions, but areas of recent infarction Avere present 
throughout the heai't muscle. The cardiac failure AA’as not compli- 
cated by an element of adhesive pericarditis. 

Microscopic sections of the hearts shoAA’cd varying degrees and stages 
of degeneration and fibrosis of the outer heart Avail. The endocardial 
half Avas nearl.v ahvaj^s Avell preserved, but this could not be shoAAm 
to be particularlj'' associated AA’ith the occurrence of dilated A’essels of 
the thebesian tj-ioe (Pig. 6). 


SUMMARl’ 

There Avere tAVO plausible routes bj'- AAdiich these hearts could have 
been nourished, bj^ the vascularized pericardial adhesions or bj^ the 
A^essels of Vieussens or Thebesius. The aboAm observations indicate 
that little or no nutritiAm function dcA’cloped in those channels knoAA’n 
as the vessels of Vieussens or Thebesius, AAdiich penetrate the m3mcar- 
dium from the heart caAuties. M3mcardial nutrition distinctl3'- de- 
pended on the Amssels contained in the pericardial adhesions. The 
microscopic findings, indicating little disturbance in the nutrition of 
the endocardial part of the m3meardium, do not justif3r the conclusion 
that this part of the heart Avas fed b3’' thebesian-like Amssels. Inter- 
coronary branches might liaA’e carried out this function. 

There Avas no eAudenee of an anastomosis deAmloping betAveen the 
epieardial or iutercoronaiy Amssels and the thoracic Amssels Ada the 
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aortic vasa vasoiTuii to noiirisli these hearts. It is possible that in 
this experimental study the prolific vaseiilar adhesions formed as an 
unavoidable sequel to the method emiiloyed superseded the develop- 
ment of other sources of cardiac nutrition. 
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THE ELECTROCARDIOGRAM IN BROWN ATROPHY 
OP THE HEART*! 

Louis N. Katz, M.D., Otto. Saphir, M.D., and Harry Strauss, M.D. 

Chicago, III. 

E lectrocardiographic records exist in a wide variety of 

cardiac lesions. However, changes of the electrocardiogram in 
brown atrophy of the heart have apparently not been described. As a 
matter of fact, the literature contains no statement as to electrocardio- 
graphic records of patients who, at subsequent autopsy, showed brown 
atrophy of the heart. During the past j'^ear we have encountered three 
instances of brown ati’ophj'’ of the heart, in each of which the electro- 
cardiogram presented significant changes. In this report a short 
summary of the clinical, autopsy and electrocardiographic findings is 
given, and the significance of the electrocardiographic changes is dis- 
cussed. 

CASE REPORTS 


Case 1. — A white male, aged sixty years, was admitted to the hospital because of 
symptoms referable to peptic ulcers or gastric carcinoma, There were no significant 
cardiac findings elicited clinically. The autopsy revealed a primary carcinoma of 
the stomach. The heart was a small organ, weighing 200 grams (the body was 
emaciated, weighing about 92 pounds). The heart was diminished in size, about 
equally in all dimensions. The subepicardial fat tissue was transformed into a 
gelatinous material. The left ventricular myocardium measured about 7 mm. in 
thickness, the right 2 mm. There Avas some coronary arteriosclerosis. The myo- 
cardium was of a reddish brovm color. 

The patient died as the result of a bilateral confluent bronchopneumonia with 
abscess formation. 

Electrocardiograms were taken as a routine procedure (cf. Eig. 1). There is a 
sinus rhythm. The QES complex is small in Lead I, and inverted in Leads II 
and III, an appearance present in this patient for at least three years before 
death. Lead IV shows a small QES, directed mainly downward. 


Case 2. — A sixty-four-year-old male Avas admitted to the hospital because of 
jaundice and pains in the abdomen radiating toward the back. The clinical, diagnosis 
Avas primary carcinoma of the pancreas. There Avere no clinical findings significant 
of myocardial changes. The autopsy revealed a primary carcinoma of the head of 
the pancreas, Avith obstruction of the common bile duct and metastasis to the liver. 
The heart weighed 275 grams (the body A\'as well nourished, weighing about 160 
pounds) . The heart was reduced in size about equally in all diameters. The subepi- 
cardial fat tissue was scanty. The left ventricular myocardium measured about 


Chic^o”^ Heart Station and the Department of Pathology, Michael Reese Hospital, 
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12 mm. in. thickness, that of the right 2 mm. There were moderate arteriosclerosis 
of the coronary vessels and slight myocardial fibrosis. The heart muscle was deep 

brown. 

The patient died as the result of a pulmonary embolus arising from a thrombus 
in the common iliac vein. 



Fie. 2. 


The electrocardiogram (Pig. 2) shows a sinus rhythm and occasional auricular 
evtrasystoles, small amplitude of QES in Leads II and III, and a relatively small 
amplitude in Lead I. The T-wave is inverted in Lead III. The record shows a 
slight left axis shift, but the changes are all within normal limits. 
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Case 3. — forty-fivG-ycar-old male was admitted to the hospital because of a 
diffuse enlargement of the lymph nodes and evidence of portal obstruction. There 
were no clinical symptoms referable to myocardial changes. At autopsy there was 
a lymphosarcoma involving the mesenteric, retroperitoneal, inguinal, tracheobronchial, 
and cervical lymph nodes, the spleen, liver and kidneys. The heart Avas distinctly 
atrophic, weighing onlj’’ 250 grams (the bodj’ AA'eiglied about 180 pounds). The heart 
seemed uniformly reduced in size. The subepicardial fat tissue Avas transformed 
into a gelatinous material. The myocardium Avas dull, deep broAvn, and soft. The 
right ventricular myocardium measured 1 mm. in thickness, the left 8 mm. The 
coronary arteries Avere patent througliout. There Avas only a slight coronary ar- 
teriosclerosis. 

The patient died of a bilateral confluent bronchopneumonia. 

The electrocardiogram (Fig. 3) shows a sinus rhythm, QES inverted in Lead III, 
and QES relatiA'ely small in Leads II and III. The T-AA'ave is small in Lead III. 
There is a left axis shift but the record is within normal limits. 
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It is intei-esting that in each case there ivas left axis shift, in Case 
2 slight, in Case 3 moderate, and in Case 1 mai’ked. A record such as 
that obtained in Case 1 is customarily considex’ed prima facie etddence 
of a left ventricular preponderance and presupposes a hypertrophied 
heart. It was, therefore, a suriLrise to find the heart, at autopsj^ 
actually smaller than normal. It is true that in each of these hearts 
there were other cai’diac lesions present, but none of these can 
explain the axis shift. There was no evidence of anjr obviouslj’" altered 
position of the heart to account for the axis shift. Perhaps the axis 
shift came about because the reduction in size Avas less in the left than 
in the right ventricle, but the evidence obtained post mortem is not 
clear-cut on this point. 

It folloAvs from this observation that left axis deviation, even of ad- 
vanced degree, is not in itself evidence of hypertrophy, but it maj'' 
occur not only in a normal sized heart but also in an atrophied one. 
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SUMMARY 

The electrocardiograms in thi'ee instances of brown atrophj^ of the 
heaid are described. Emphasis is placed on the occnrrenee of left axis 
deviation in each of these records. Left axis deviation, even of ad- 
vanced degree, cannot therefore be taken by itself as evidence of 
cardiac h3^pertroph3" since it can occur in an atrophied heart. 



EFFECT OF DIGITALIS ON THE APPEAR ANCE OP LEAD IV* f 

Harry Strauss, M.D., and Louis N. Katz, M.D. 

Chicago, Ilu. 

I T HAS been shown that in recent coronary occlusion characteristic 
diagnostic changes are to be found in Lead IV of the electroeardio- 
gramd In view of the rapid changes commonly occurring in the ordi- 
narj^ leads following the administration of large quantities of digitalis, 
it appears not unlikely that the contour of Lead IV also may be altered 
by digitalis. In fact, on several oceasions the interpretation of changes 
in Lead IV has been complicated by the fact that the patients had been 
receiving digitalis. We therefore decided to study the effect of digi- 
talis on Lead IV. 



Fig-. 1. — Four lead electrocardiograms obtained in Subject 1 (Table I) : A, control ; 

B, segments taken one day after digitalis was stopped ; C, segments taken three days 
after digitalis was stopped (note the persistence of some of the changes in segment 

C, also the right axis shift). 


The present report deals with such a study on 13 subjects, 7 being 
normal individuals in whom digitalis intoxication ivas experimentally 
induced and the other 6 being cardiac patients with various types of 
lesions, in whom digitalization was demonstrable clinically and in the 
standard three leads of the electrocardiogram. The procedure in the 
normal individuals was to digitalize them up to the point of toxicity 
and to compare the appearance of the four-lead electrocardiograms 
taken at this time with the contour before digitalis was started. Ad- 
ditional records were also taken for comparison at intervals after 

*From the Heart Station, Jilichael Reese Hospital, Chicago. 

I Aided by the Frederick IC. Babson Fund for Diseases of the Heart and Circulation. 
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stopping the digitalis. Four-lead records were taken in the cardiac 
patients at the height of the digitalization and at various intervals 
after digitalis had been stopped. 



Fig. 2 . — Four lead electrocardiograms obtained in Subject 5 (Table I) : A, control; 
Bj segments taken one day before digitalis was stopped ; C, segments taken three 
days after digitalis was stopped. 



^cad electrocardiograms obtained in Subject 7 (Table Ti • a 
Ss fft^?^cJI|?t^ilil“’;^°sTopS."“"- stoppic^f a: .Sn"e^tJ'takel^^^{^i 


Ihe results obtained are briefly summarized as far as Lead IV is 
concerned in Table I and illustrative curves shown in Fi-s 1 to 4 
i lie chief changes seen in Lead IV were in the S-T segment and T- 
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wave, and these were reversible on discontinuing the digitalis. The 
changes in the S-T segment in Lead IV were variable. It became 
positive in 5 instances (cf. Figs. 1 and 4), depressed in 4 (cf. Fig. 3), 
and unchanged in 3 (cf. Fig. 2). In one instance the S-T changed 
from a slightly negative to the isoelectric level. The negative T-wave 
in Lead IV became smaller in every instance (cf. Figs. 1, 2, and 3), 

Table I 

Changes in Lead IV Produced by Digitalis 


SUB- 

DIGITALIS 

CHANGES- IN LEAD IV FOLLOW- , 
ING DIGITALIS 


JECT 

NO. 

AMOUNT 

TAKEN 

GRAINS* 

TAKEN 

OVER 

DATS 

S-T SEGMENT 

T COMPLEX 

REMARKS 

1 

24 

3 

Became positive 

Became smaller 

Normal 

2 

27 

3 

Became nega- 
tive 

Became smaller 

Normal 

3 

24 

4 

No change 

Became smaller 

Normal 

4 

39 

9 

Became isoelec- 
tric 

Became smaller 

Normal 

5 

45 

5 

No change 

Became smaller 

Normal 

6 

30 

5 

No change 

Became smaller 

Normal (inactive rheumatic 
heart disease) 

7 

36 

3 

Became nega- 
tive 

Became smaller 

Normal 

8 

42 

14 

Became positive 

Disappeared 

Aged 40. Eheumatic heart 
disease, auricular fibrilla- 
tion. 

9 

94 

21 

Became positive 

Disappeared 

Aged 44. Eheumatic heart 
disease, congestive heart 
failure, auricular fibrilla- 
tion, pulsus bigeminus, com- 
plete A-V block. 

10 

54 

9 

Became nega- 
tive 

Became positive 

Aged 55. Diabetes mellitus, 
hypertension, congestive 
heart failure, sinus rhythm. 

11 

26 

9 

Became nega- 
tive 

Became smaller 

Aged 52. Diabetes mellitus, 
coronary sclerosis, sinus 
rhythm. 

12 

40 

7 

Became positive 

Became smaller 

Aged 60. Coronary sclerosis, 
hypertension, auricular fib- 
rillation. 

13 

189 

42 

Became positive 

Became smaller 

Aged 53. Hy'pertension, au- 
ricular fibrillation, complete 
A-Y block. 


‘Burroughs and Wellcome powdered leaf (or its equivalent), 1% grains = 1 cat 


in 2 it disappeared entirely (cf. Fig. 4), and in one it became positive. 
The changes in the S-T and T complexes following digitalization are 
rapid and, on occasion, rather striking. In several instances, par- 
ticularly in patients with heart disease, the contour in Lead IV closely 
resembled the contour seen following recent coronary occlusion (viz., 
Fig- 4). Since digitalis can produce changes resembling those seen 
in recent coronary occlusion, it is important to determine whether or 
not digitalis has been given in a particular patient before arriving 
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at a final diagnosis. A final evaluation may sometimes depend on 
comparing the records with those obtained following a subsequent 
digitalization. 



Fig. 4.— Four lead electrocardiograms taken during digitalis intoxication in Sub- 
ject 9 (Table I). (Note the complete A-V block and the bigeminus -with ventricular 
extrasystole from several foci.) 


SUMMARY 

Digitalis in large doses produces rapid changes in Lead IV which 
occasionally resemble, and consequently must not be confused with, 
those seen in recent coronary occlusion. 

We are grateful to the volunteers wlio acted as subjects for this experiment. Since 
this communication was submitted for publication, we have seen tliirteen more in- 
stances of digitalis distortion of Lead IV. In several tiie problem of differentiating 

the change from that due to a recent coronary occlusion presented considerable dif- 
ficulty. 
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(lALLBLADDEMEART REFLEXES JN MAN UNDER SPINAL 

ANESTHESIA'^ 


Ralph B. Bettman, jM.D., and S. II. Ruhinfeld, !M.D. 

Chicago, III. 

C ardiac irregularities in gallbladder disease are clinically impor- 
tant. Years ago BabcoelU called attention to the frequency of 
myocardial incompetence associated Avitli chronic cholecystitis, Avhich 
yas alleviated folloAving operative relief of the gallbladder condition. 
He offered as the most likely explanation a reflex action resulting from 
irritation of the splanchnic and pneumogastric filaments distributed to 
the wall of the gallbladder. 

Osier- pointed out that patients with biliary colic may die of cardiac 
standstill. Mayo^ and others have observed cardiac arrhythmias as- 
sociated with biliary tract disease. Straus and Hamburger' reported 
4 cases of diseased gallbladders associated with definite cardiac ir- 
I’egularities, shown either by electrocardiogi-aph or pulse. In 3 of 
the cases the irregularities disappeared post operatively. BuchbindeU 
demonstrated that the sudden release of bile from an incised frog’s 
gallbladder was attended by transient arrest followed by sinus brady- 
cardia. He concluded that a specific reflex to the heart, of vagal 
origin, is initiated from the gallbladder, and this is perhaps the basis 
for the arrhythmias in man with gallbladder disease. With reference 
to the reflexogenie nature of this phenomenon, Alleiff’ showed that the 
pathway of impulses causing pxdsus bigeminus in rabbits after in- 
sufflation of benzol came from the Aucinity of the hypothalmus and the 
.superior colliculus. Brow, Long and Beattie' produced extrasystoles 
and tachycardias, AAdiich disappeared after experimental removal of 
the stellate ganglion and severance of the portion of the brain which 
lies betAveen the caudal end of the optic chiasm and the cephalic end 
of the supeiior colliculus. Recently Scott and Hy® confirmed the 
Avork of Cai'lson and Luckhardt" and the Buchbinder phenomenon, bnt 
concluded that the latter Avas due to the irritant action of bile on the 
peritoneum. They noted no change under manipulation of the gall- 
bladder, although the mechanical stimulation of other Auscera caused 
cardiac inhibition. Schrager and lA’^y’” consider that the functional 
status of the eardioAmseular system is the determining factor in the 
reaction from distention of the biliary passages. Crittenden’^ recently 
shoAved that cardiac arrest, heart-block, and sloAAung folloAA" A'omiting 

4.1 Hie Emil and Fanny AA’’edeles Fund of the Michael Reese Hospital for 

the^ Study of Diseases of the Heart and Circulation. 

Hie Heart Station and the Gall Bladder Group, Michael Reese Hospital, 
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iucliicecl 1)3^ apomorpliine ; also that the heart rate in normal students 
increased after swallowing of stomach tubes. 

The application of these experimental methods to man is not men- 
tioned in an extensive review of the pertinent literature except for a 
recent report h}’’ Maher and his associates^’ The reaction of the heart 
to surgical manipulations of the abdominal organs, particularl3=' the 
gallbladder, is a matter of importance to the internist and the surgeon. 
The present rei)ort deals with the electrocardiographic manifestations 
during cholecystectom3^ under spinal anesthesia. 

AIETHOD 

The stud3^ includes a consecutive series of 17 patients with clinicall3' 
proved gallbladder disease, who were subjected to operation for re- 
moval of the gallbladder. Two of the patients presented clinical evi- 
dence of slight m3mcardial impairment due to rheumatic or to arterio- 
sclerotic heart disease. None of these cases was known to present 3113^ 
clinical evidence of cardiac arrh3dhmia. 


Table I 

Heart Eate Changes During Gallbladder Manipulations* 


NO. 

TRIALS 

PROCEDURE 

ACCELERATION 

CHANGE 

IN RATE 

CASES 

SLOWING 

CHANGE 
■ IN RATE 

PERVIK.! 

NO 

EFFECT 

NO. 

CASES 

16 

Anesthesia 

11 

6-84 

4 

1.3-27 

1 

12 

Pressure ou gallbladder 

4 

7-12 

2 

12-15 

6 

11 

Clamping and pulling on 
gallbladder 

6 

6-38 

2 

11-43 

3 

3 

Eelease of gallbladder 
tension 

1 

21 

2 

8-11 

0 

12 

Occlusion of cystic duct 

2 

8-34 

6 

7-41 

4 

10 

Eemoval of gallbladder 

4 

13- 2 

4 

13-24 

2 

8 

Pressure on right kidney 

2 

9-20 

3 

16-56 

3 


•Changes of less than 6 beats per minute were considered within the limits of ex- 
perimental error. 


Spinal anesthesia was used in all cases. The spinal anesthetic eni- 
plo3’ed was either sj)inoeaiu or nupercain, in the dosage of about 250 
lug. properl3’ injected at the level of the first or second lumbar inter- 
spaces. Effective anesthesia was obtained as high as the level of the 
first thoracic, and was tested b3^ means of a sharp instrument applied 
to the operative field fifteen to tAvent3*-five minutes after the adminis- 
tration of the drug. 

The usual aiTangement to take electrocardiograms was made, care be- 
ing observed to avoid the operative field. The electrocardiograms were 
recorded on a mobile machine brought direct^ into the operating 
room. Records were taken before and after effective anesthesia and 
dining the various steps of the usual cholec3'stectom3’-, with control 
i-eadmgs before and after each step whenever possible. It was not 
<uwa3-s feasible to obtain control records because of the danger to 
‘he patient of prolonging the operation. 
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The electrocardiographic records were studied with respect to (A) 
rate changes, (B) arrhythmias or ectopic beats. 

A. Bate changes are presented in Table I. The results are variable, 
but the usual effects of anesthesia, pressure, clamping and pulling on 
the gallbladder were to increase the heart rate over control periods. 
On the other hand, both the release of gallbladder tension and the 
occlusion of the cystic duct usually caused inhibition of the heart. 
The effect of pressure on the kidney was variable. 

B. Arrhythmias or ectopic heats. In the entire series, 3 patients 
developed cardiac irregularities during the operation ; 2, ectopic beats ; 
and 1, sinus arrhythmia. One patient, in whom ectopic beats were pres- 
ent, showed an increase in their frequency during the operation. Two 
of the patients developed ventricular extrasystoles, one dui'ing the liga- 
tion and cutting of the cystic duct and arterj’’, the other during the 
period of pressure on the gallbladder. Two patients showed ectopic beats 
of nodal origin, in one during the initial control record and in the 
other only during the period of tested effective anesthesia. The for- 
mer patient had ventricular extrasystoles dimng the period of tested 
effective anesthesia and pressure on the gallbladder; in the latter 
sinus arrhythmia was evident after the anesthesia became effective. 

SUMMARY 

Sixteen eases of proved gallbladder disease were studied during 
cholecystectomy under spinal anesthesia by consecutive series of electro- 
cardiograms during the usual stages of the operation. The usual 
effects of pressure, clamping, and pulling on the gallbladder were to 
increase the heart rate. Only two of the sixteen patients developed 
ectopic beats during operation. One having such ectopic beats before 
operation showed an increase in their frequency during operation. 
One instance of sinus arrhjffhmia developed during the operation. 
These changes are taken to indicate reflex effects on the heart from 
the operative fleld. 

We wish to express our thanks to Dr. L. N. Katz for his guidance and criticism. 
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A CASE OP SINO-AURICULAR BLOCK AND ALMOST 
COMPLETE A-V DISSOCIATION WITHOUT PRIMARY 

A-V BLOCK'^^t 

Harry Strauss, M.D. 

Chicago, III. 


AN UNUSUAL type of cardiac arrliythmia is reported because of 
the rarity of its occurrence and the difiSculty of its interpreta- 
tion. The interpretation was arrived at after the records were analyzed 
according to the method developed by Zeisler in this laboratory.^ 

The records of this patient are shown in Pig. 1. The P-P intervals 
are given in the top lines and the R-R intervals in the bottom lines 
above each record. The oblique lines represent the R-P and P-R in- 
tervals. Conducted beats are shown by heavy oblique lines with 
arrows. In Leads II, III, and IV there is overlapping where long 
strips had to be cut for illustration. 

In attempting to unravel the meehanism attention was first paid 
to the P-P intervals ; it was soon evident that the P-P intervals fell 
into 4 groups (see Table I), having a least common denominator (a 
value in the neighborhood of 0.57 sec.). This indicates that this is 
a case of S-A block, the ratio of conducted sinus beats varj^’ing from 
1:1 to 4:1. The variations in the P-P intervals in each group are due 
to the presence of a moderate sinus arrhjdhmia Avith shifting pace- 
maker as shown by the variation in contour of the P-umve, especially 
seen in Leads Hi and IV (Pig. 1). 

The long pauses betiveen sinus beats permit frequent nodal escape- 
ment.^ The intervals before the A-V node discharged vary consider- 
a y, radicating that this node also has an arrhythmic discharge This 
m not usual in nodal escape. The P-wave following the nodal escape 

bundle during its refractory period 
ei erence dissociation). When the P-rvave reached the A-V junc- 
nal tissue a little later, it was conducted through usually with a nor- 
mal but occasionally with a prolonged P-R interval (see Table II) 

a rehtivlT second) was present with 

__^tncly long preceding E-P interral (0.84 and 0.78 see.). It may 

tlSS “'4 Hospital, oi.loago. 

<■« b, ,„0 moasnok K Babson P„„d for Dlsoasr. of the Heart ana Circulation. 
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i)(‘ tlial in these two instances the A-V node and bundle were still 
relatively refractory when the auricular impulse reached them. There 
is a wide variation in P-R interval, not dependent on tbe R-P interval 
duration, associated, in part at least, with the shift in the axu-icular 
luieemaker. 



Two interesting instances of conducted beats are P^- R-, in Lead IV 
and P,,- Rr, in Lead 11. The former is an instance of very .short R-P 
interval with a normal conduction time, whereas other beats Avith the 
same R-P interval have prolonged P-R intervals or .show blocked 
P-waves. The latter, with an R and P simultaneous, Avhen it might 
be anticipated that the P-waA'e would be blocked out, in this instance 
was conducted through. Roth of these beats occurred immediately 
following two ventricular beats in fpiick .succession. These are not 
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Table I 


p.p Intervals Assembled According to View as to Manner op S-A Conduction 


— ^ — 

1:1 

SEC. 

2:1 

SEC. 

3:1 

SEC. 

4:1 

SEC. 



0.60 

1.32 

1.52 

2.24 


0.68 

1.20 

1.50 

2.20 


0.44 

1.28 

1.48 

2.26 


0.70 

1.14 

1.62 

2.24 


0.50 

1.34 


2.26 


0.56 

1.24 

1.54 

2.22 


0.48 


1.42 

2.24 


0.54 



2.06 


0.58 



2.32 


0.56 


i 

• 1.92 


0.56 



2.38 


0.60 



2.26 





2.24 





2.28 





2.18 





2.12 





2.30 





2.18 





2.20 





2.04 

Average 

n ^7 

125 r= 

1.51 = 

220 = 

P-P Interval 


0.62 X 2 

0.54 X 3 

0.55 X 4 

Variation 

0.44 - 0.70 

1.14 - 1.34 = 
(0.57 - 0.67) X 2 

1.42 - 1.62 = 
(0.47 - 0.64) X 3 

192 - 238 = 
(0.48 - 0.60) X 4 


Table II 

Eelation of P-E to E-P Interval, Arranged According to K-P Interval Duration 


U-P INTERVAL 

SEC. 

P-R INTERVAL 

SEC. 

R-P INTERVAL 

SEC. 

P-i 

1.68 

0.16 

0.44 

0.20 

1.36 

0.16 

0.44 

0.20 

1.36 

0.14 

0.36 

0.22 

1.30 

0.18 

0.36 


1.28 

0.18 

0.34 

0.36 

1.26 

0.16 

0.34 

— 

1 .22 

0.14 

0.30 

0.42 

1.18 

0.20 

0.26 

0.44 

1.12 

0.16 

0.24 


1.12 

0.20 

0.22 

0.20 

1.08 

0.16 

0.20 

__ 

1.04 

0.20 

0.20 

_ 

0.94 

0.16 

0.20 


0.88 

0.20 

0.20 


0.88 

0.20 

0.18 


0.88 

0.14 

0.16 


0.84 

0.24 P.,-E, (III) 

0.16 


0.80 

0.16 

0.12 

_ 

0.78 

0.24 P,.-E,, (111) 

0.08 


0.76 

0.20 

0.08 


0.72 

0.18 

0.04 

_ 

0.70 

0.20 

0.00 

0.44 



-0.08 

— 

Blocked out. 


sec. 


0.20 P^-E, (IV) 


0.44 P,-E„ (II) 
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instances of a supranormal phase but are in all probability due to the 
improvement of the nourishment of the junctional A-V tissues shorten- 
ing the refractoiy period. 

Aberrant conduction ivas found when a ventricular beat occurred 
soon after its predecessor, viz., Rg Lead II, Rg and R^g Lead IV, 
when it might be expected that the impulses would reach the conduc- 
tion system of the ventricles during their relative refraetorj'- phase. 

SUMMARY 

An unusual case of cardiac arrhythmia is presented which shows 
sino-auricular block of varying degrees, 2 ;1, 3 :1 and 4 :1, almost com- 
plete A-V dissociation without primary A-V block, nodal escapement, 
aberrant conduction, and sinus arrhythmia with shifting pacemaker. 

This case illustrates the advantages of the method of analysis de- 
veloped in this laboratory in aiding the interpretation of such cases. 

It is a pleasure to express my indebtedness to Dr. Louis N. Katz, at •whose sug- 
gestion. this analysis was made, for his helpful advice and criticism. We are indebted 
to Dr. M. Lev, whose patient this was, for permitting us to take these electro- 
cardiograms. A second electrocardiogram taken six months later showed similar 
disturbances. 
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Schneider, Edward C., and Crampton, C. B.: The Effect of Posture on the Minute 
Volume of the Heart. Am. J. Physiol. 110; 14, 1934. 

Using the Grollnian acetylene method, the minute volume of the heart has 
been studied on seven healthy male subjects to determine the effect postural 
change in the body may have on the heart output. Prom this study the authors 
conclude that the minute volume of the heart is increased in the recumbent as 
compared with the erect position. 

Ordinarily on prolonged quiet standing the output of the heart either remains 
unchanged or decreases slightly in subjects displaying no distress as a result of the 
long standing. The heart output is decreased in subjects who on long quiet stand- 
ing display poor circulatory compensation in the erect position. A pulse pressure 
below 20 mm. of mercury indicates a falling cardiac output. 

Lisa, James E., and Chaudlee, Gertrude Jackson: The Heart and Great Vessels 
in Combined Syphilitic and Eheumatic Infection. Arch. Int. Med. 64; 952, 1934. 

The lesions and the clinical course in six eases of combined syphilitic and 
rheumatic infection of the heart and great vessels were mainly rheumatic. In 
one ease only was the role of' syphilis of equal importance to that of rheumatic 
infection. The combined active infections carry a much graver prognosis than 
either infection occurring separately. Heart sounds help in the differential diag- 
nosis of rheumatic and syphilitic aortic disease. Roentgenology is a valuable 
aid in the differential diagnosis between the roles of syphilis and rheumatic in- 
fection in the production of cardiovascular pathologic processes. Syphilis of the 
nijmcardium could not be proved in any of the cases. 

Grayhiel, Ashton, Allen, Arthur W., and White, Paul D.: A Histological Study 
of the Arterioles of the Muscle and Skin From the Arm and Leg in Individuals 
With Coarctation of the Aorta, J. Clin. Investigation 14: 52, 1935. 

It Avas found that the hypertension associated with coarctation of the aorta 
in live young individuals did not cause sclerosis of the arterioles or smallest 
nrteries of the skin or voluntary muscles. In the five cases, the systolic blood 
pressure in the arm averaged 70 mm. more than that in the leg and the diastolic 
pressure in the arm 28 mm. more than that in the leg. Nevertheless, it was im- 
possible by biopsy in these eases to distinguish the arterioles and smallest arteries 
of the arm from those of the leg. 

Bishop, Paul A., and Eoesler, Hugo: The Roentgenologic Diagnosis of Intracardiac 
Calcifications, Am. J. Roentgenol. 31: 1, 1934. 

The frequency of po.stmortem findings of calcification of the left-sided annuli 
•brosi and the aortic and mitral valves is cited. Attention is called to the few 
roports of the roentgen observation of those calcifications in the living and the 
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rarity of correct diagnosis of tlieir location. Three such cases are reported, all 
of them confirmed by autopsj^ study. The characteristic features of appearance, 
location, and motion of these shadows in roentgcnoscopic study are described, 
together with points of differential diagnosis. The technic for making films to 
show the calcification is described. 

It is the authors’ belief that these calcifications are more frequent than is 
realized and that the roentgenologist can play the leading role in their recogni- 
tion by routine roentgenoscopic observation of the heart in routine chest examina- 
tions. Some physiologico-pathological aspects of this type of calcareous degenera- 
tion are described, together with illustrative cases from the literature. 

Scupham, George W.: Effect of Theobromine on Peripheral Vascular Disease. 

Arch. Int. Med. 54: 685, 1934. 

Theobromine and its salts, particularly theobromine sodium acetate, act as 
peripheral vasodilators and are useful in the treatment of peripheral arterio- 
sclerosis and early cases of thromboangiitis obliterans in which there is a large 
element of angiospasm. Their use results in subjective improvement in inter- 
mittent claudication, and repair of loss of tissue integrity has been noted. These 
drugs are not effective in all cases, but the results obtained with them are suf- 
ficiently good to make them a valuable adjunct in the treatment of peripheral 
vascular diseases. 


Nahum, L. H., and Hoff, H. E.; The Effect of Injection of Monoiodoacetic Acid 
and Sodium Cyanide on the Mammalian Heart. Am. J. Physiol. 110: 56, 1934. 

Experiments were undertaken to study the effect on the electrocardiogram 
of poisoning with monoiodoacetic acid, which prevents the accumulation of lactic 
acid and sodium cyanide which promotes such accumulation of lactic acid. 

It is believed that the failure of the anaerobic energy system of the heart in- 
duced by monoiodoacetic acid leads to an acceleration in heart rate, a decrease in 
conduction time, and a reduction of the duration of the ventricular comple.x as 
well as to profound alterations in the ventricular complex characterized by a 
change in the direction of the T-waA'e, disappearance of the isoelectric interval, 
and displacement of the S-T segment. 

The suppression of oxidations by cyanide re.sults in marked slowing of the 
heart rate, gradual developineut of A-V block and prolongation of the duration of 
the ventricular comxdex without further permanent changes in the ventricular 
complex. 

It is concluded that the pacemaker and conducting tissue of the heart operate 
essentially on aerobic energy rvhile the myocardium is primarily anaerobic. 
Changes in the S-T segment of the electrocardiogram in these experiments arc 
related, not to accumulation of metabolites nor to failure of oxidations, but to a 
loss of the anaerobic energy of glycogen breakdown. 

Page, Irvine H.: Acetyl-Beta-Methylcholin. Observations Concerning Its Action 
on the Blood Pressure, Skin Temperature and the Heart, as Exhibited by the 
Electrocardiogram of Hypertensive Patients. Am. J. M. Sc. 189: 55, 1935. 

Mccholin (acetyl-/3-methylcholin), administered subcutaneously, greatly in- 
creases the temperature of the skin of the face and trunk of patients suffering 
from arterial hypertension; the hands and feet usually remain almost unaffected. 
Administered by mouth it fails to have this action. Doses of 4 gm. taken by 
mouth have either no effect on the average blood pressure or a slight one only. 
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When administered subcutaneously, meclioliii usually causes inversion of tli(3 
T-rvaves of the electrocardiogram; this effect may be abolished by injecting 
atropine. Except for increasing the rate, no other characteristic action of 
mccholin on the heart, as observed in the electrocardiograph, was seen. The size 
of the heart may first be decreased and then be increased briefly, the increase 
occurring when the level of the blood pressure has fallen inaihedly. 

Comparison of the clinical phenomena due to injection of mccholin with those , 
observed in patients suffering from diencephalic epilepsy, or in patients in whom 
pituitrin or pilocarpin had been injected into the cerebral ventricles, demonstrates 
a striking similarity between them. It has been suggested that many of the 
effects of mecholin are due to stimulation of the diencephalic parasympathetic 
centers and possibly the premotor area of the cerebral cortex. 

Mecholin causes most of the prominent corporal characters in the play of 
natural emotions to appear without being accompanied by the psychical counter- 
part itself. 

Edeiken, Joseph, and Wolf erth, Charles C.: Clinical Significance of the M or W 

Shaped Q-E-S Complex in Lead II of the Electrocardiogram. Am. J. M. Sc. 

188: 812, 1934. 

An M or W-wave in Lead II of the electrocardiogram having the character- 
istics defined in this paper has not been observed in tracings of 1,077 presumably 
normal adults. It was seen five times (4.3 per cent) in IIC patients tvith the 
anginal syndrome. After a period of three years, four of the five joatients are 
dead, the other incapacitated. 

In 4,450 unselected electrocardiograms of hospital and clinic patients, the 
jM or W-wave was scon in 21 tracings (0.47 per cent). Of these patients 14 are 
dead and six show clinical evidence of severe myocardial disease; one cannot 
be traced. The electrocardiograms of two of the six patients who are alive show 
bundle-branch block, one complete A-V dissociation, and the other three have 
had a coronary occlusion and are more or less incapacitated. Only two of this 
group have lived more than three years after the kl or W-wave was first observed, 
and both of these arc incapacitated because of pain on effort. 

Of twenty-five isolated cases observed during the past two years, twenty (80 
per cent) were from patients with coronary occlusion. Nine of the patients are 
dead; thirteen of the remainder are from the groups suspected of having had a 
coronary occlusion, one suffered from hypertension, and the two remaining cases 
arc obscure and in one of these no other evidence of cardiovascular disease was 
found. 

In most cases, the kl or W-wave is probably duo to an intraventricular con- 
duction abnormality as a result of myocardial disease. Pathological changes were 
widespread in the three cases in which necropsy was obtained. It is possible, how- 
e\er, that a congenital anomaly of conduction may occasionally produce complexes 
of this t 5 "pc. 

In some cases, the ^1 or W complex has been present throughout the entire 
period of observation. In others, it 1ms been relatively transient. Its appearance 
time follow ing coronary occlusion is variable, the range observed in serial electro- 
cardiograms being one day to three months. 

Veal, J. Ross, and McFetridge, EUzabeth M.: Adequate Circtfiation in the Ex- 
tremities. Arteriography as a Test for Determining Its Limits. .1 A kl A 

104 : 542 , 1035 . ’ ' ' 

Thirty consecutive cases of gangrene of the extremities as a result of peripheral 
vascular disease have been studied by means of arteriography before amputation. 
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It is believed that arteriography is a very much more reliable index of the limits of 
adequate circulation than is either the histamine reaction or the salt solution test. 
It is believed that the use of this test in conjunction with proper preoperative and 
postoperative therapy will furnish one more safeguard for the patient with gangrene 
of the extremities. 

Allen, Edgar V., and Camp, John D.: Arteriography. J. A. M. A. 104: 618, 1935. 

In the opinion of the authors, the chief value of arteriography lies not in the 
direction of diagnosis but in that of pathogenesis. It gives information of in- 
estimable value regarding the minutiae of arterial disease, information which can 
be secured in no other way. It is to be expected that the absence or presence of 
organic arterial change in Eaynaud’s disease and the part played by disturbances 
in arterial circulation in scleroderma can be determined. In thromboangiitis 
obliterans, the part played by collateral arteries and other adjustments to impaired 
circulation are portrayed in a manner that leaves little to be desired. The mode of 
progression of the disease and the compensation for it are clearly outlined. The 
situation, extent, and nature of aneurysms, arteriovenous fistulas and arterial emboli 
can be determined aceuratelj' by arteriography. 

Proger, S. H., and Korth, C.: Effect of Light Muscular Training on Patients With 

Heart Disease. Arch. Int. Med. 56: 204, 1935. 

Six patients with rheumatic heart disease pedaled on a stationary bicycle for 
from one to two hours daily for a period of from five to six weeks. Two normal 
persons in the same age group served as controls. There were essentially no changes 
at rest in the pulse rate, respiratory rate (except for slowing in one case), pul- 
monary ventilation, and oxygen consumption. 

In one patient in whom exercise had to be discontinued because of the develop- 
ment of hemoptysis, the arteriovenous oxygen difference at rest showed an increase, 
and the cardiac output a decrease, just before and after the hemoptysis. These 
values returned to normal within a few days after the exercise was discontinued. 
In the other patients the arteriovenous oxygen difference and cardiac output at rest 
were unchanged. 

In the patients who improved with exercise, there was a slight slowing of the 
velocity of blood fiow at rest. The vital capacity in two of the patients who im- 
proved with exercise showed a definite increase. In the normal subjects, as well as 
in the other patients, it remained unchanged. Breath-holding ability generally 
paralleled the vital capacity. 

Of the three patients who showed definite improvement in their response to exer- 
cise, there was an increase in the height of P„ in the electrocardiogram in one, and 
in the others an increase in the height of the T-waves. In the patients in whom 
hemoptysis developed, there was a slight prolongation of the P-E interval, an in- 
crease in the height of P,, and an inversion of P,. 

There were no definite changes in the teleroentgenograms. 

According to observations during exercise, the two normal subjects showed slight 
improvement; three patients with disease of both aortic and mitral valves showed 
marked improvement; one patient with only mitral disease showed no change, while 
another grew worse; and the only patient with an irregular heartbeat (auricular 
fibrillation) who also had mitral stenosis and insufficiency showed a very slight im- 
provement. 

A possible explanation for the varying responses is suggested. 
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In one patient, after improvement had taken place, an unexplained relapse oc- 
curred, which was overcome in a few days. In the same patient a mild infection 
\vith fever caused no change in his response to exercise immediately before and after 
the febrile state, 

A striking parallelism is shown to exist between the pulse rate and oxygen con- 
sumption during exercise through the period of training. 

Landis, Eugene M., and Hitzrot, Lewis H.: The Clinical Value of Alternate Suc- 
tion and Pressure in the Treatment of Advanced Peripheral Vascular Disease, 

Am. J. M. Sc. 189: 305, 1935. 

The extremities of twenty-nine patients suffering from advanced peripheral vascular 
disease were exposed to alternate suction (—80 to —120 mm. Hg) and pressure 
(440 to -(-80 mm. Hg) for 25 and 5 seconds, respectively. These pressure variations 
were used for periods of one to two hours, at first once or twice daily, then three 
times weekly and finally, as symptoms diminished, once weekly. Cyanosis usually 
diminished; symptomatic improvement was sometimes observed, however, without 
significant change in skin color. 

The rest pain of ischemia was usually abolished during actual use of suction and 
pressure and gradually became less severe in the intervals between exposure to 
pressure variations. Lasting relief of pain Avas not observed in the presence of 
deeply extending gangrene or large sloughs. 

Ulcers, enlarging or indolent under ordinary conservative treatment, usually began 
to heal soon after suction and pressure therapy was instituted. Intermittent claudica- 
tion became, in general, milder, and exercise tolerance was slightly, but definitely, 
increased. 

Suction and pressure therapy was of no definite, lasting service in patients with 
osteomyelitis, deeply extending gangrene, or large sloughs. 

This form of therapy must be applied with caution, small pressure changes being 
used at first. The presence of acute spreading infection or encapsulated pus must be 
definitely ruled out before pressure variations are used. 

Suction and pressure therapy, if carefully applied, appears to be worthy of 
clinical trial in the treatment of peripheral vascular disease even when organic ob- 
struction has advanced to the point where arterial blood flow can no longer be in- 
creased by vasodilatation. The method may be of service by increasing local blood 
flow temporarily during episodes of pain or ulceration so that time is gained for the 
development of adequate collateral blood flow. 

Lissner, Henry H., Goffin, John L. C., and Eosenfeld, Maurice H.: The Adolescent 

Heart. Am. J. Dis. Child. 49: 353, 1935. 

The study is based on observations on 2,840 children examined during a period 
of eight years. Tlie diagnosis of adolescent heart was made in 254 children, or about 
9 per cent. The subjective sjouptoms presented were the same as those usually con- 
sidered as being present in patients Avith organic heart disease. These included pal- 
pitation, fatigue, dyspnea, pain, vertigo, SAA’cating, cyanosis, epistaxis, and cough, 
occurring most frequently in the order mentioned. These are functional disturbances 
occurring during the period of adolescence and are probably produced by the un- 
stable nervous system or by rapid physical development. The heart is greatly 
influenced during the rapid physiological changes associated Avith tliis period, and 
many functional disturbances are noted. ’ 

The solitary observation of an apical systolic munnur in the adolescent child is 
not sufficient evidence on which to base the diagnosis of organic heart disease. It 
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was noted that the murmur usually disappeared when the children were reexamined 
over a period of years. When the parents and the cliild were convinced that the 
symptoms were not due to organic heart disease, the child, quickly became symptom- 
free; when the symptoms had been greatly impressed on tlie child, it was necessary 
to increase physical activity slowly and to overcome gradually the fear of symptoms. 

During the adolescent period, the diagnosis of early organic heart disease is made 
too frequently on uncertain data. The differential diagnosis can be made only by 
the careful evaluation and analysis of all the data obtained, and in some instances 
a definite opinion should be given only after several years of careful observation. 

Averbuck, Samuel H., and Friedman, William: Circulation Time in Normal Chil- 
dren. Am. J. Dis. Child. 49: 361, 1935. 

With the use of the saccharin method, the circulation time was determined in 100 
normal children ranging in age from eight to sixteen years. The technic emploj’ed is 
described. The average circulation time was 8.6 seconds. The range was from a to 
13.5 seconds. In 83 of 100 tests, the limits were from 6.5 to 10 seconds. This is 
shorter than the circulation time in adults, determined either by the saccharin or 
the sodium dehydrocholate method. 

The increased circulation time in children as determined bj- this test is due prob- 
ably to two factors: first, the actual distance to be traversed from the arm to the 
tongue is less than that in adults; second, the execution of the test in children in- 
duces excitement and an acceleration of the heart rate. 

Von Glahn, William 0., and Pappenheimer, Alwin M.: Relationship Between 

Rheumatic and Subacute Bacterial Endocarditis. Arch. Int. Med. 55: 173, 1935. 

Studies based on observations on a series of twenty-six consecutive cases of sub- 
acute bacterial endocarditis suggest that active rheumatic vegetations are, in persons 
who have had rheumatism, a necessary and practically constant in-erequisite for 
the implantation of bacteria. 

The evidence for this conclusion is summarized as follows : 

1. Vegetations histologically identical with those in rlieumatic endocarditis and 
not containing bacteria are found (a) on the same valve as the bacterial vegetations, 
(b) on other valves on which there are no vegetations containing bacteria, and (c) 
on the auricular wall. 

2. Aschoff bodies in the myocardium that are taken to indicate active rheumatic 
disease are found in practically tlie same proportion of cases of subacute bacterial 
endocarditis as of uncomplicated rheumatic cardiac disease. 

3. Types of bacterial endocarditis other than that due to nonhemolytic streptococci 
may be engrafted on active rheumatic vegetations. This is a cogent argument 
against the view that the two types of lesions are a response of different intensity 
to the same infective agent, unless the current views as to the histological specificity 
of the rheumatic reaction are dispensed with. 

Faulkner, James M., Place, Edwin H., and Ohler, W. Richard: The Effect of Scar- 
let Fever Upon the Heart. Am. J. M. Sc. 189: 352, 1935. 

An electrocardiographic study was made of 171 cases of scarlet fever during 
and following the acute infection. Abnormal electrocardiograms were noted in 
eleven cases. The abnormalities consisted of prolongation of the P-R interval in 
five cases and flattening or inversion of the T-wave in six cases afid -did'iiot appear 
before the thirteenth day from the onset of the scarlet fever in a single instance. 
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A follow-up study of 600 cases of scarlet fever was made from one to three years 
after the acute infection. It was found that seven of these individuals had developed 
heart disease in the interval. The type of heart disease found was indistinguishable 
clinically from rheumatic heart disease. 

McMahon, H. E., and Pratt, J. H.: Malignant Nephrosclerosis (Malignant Hyper- 
tension). Am. J. M. Sc. 189, 221, 1935. 

The clinical and anatomical findings in a consecutive series of 100 patients with 
malignant nephrosclerosis, who came to autopsy, are described. Essential lesions 
occur in the blood vessels throughout the body, especially in the heart and kidneys. 

The authors believe that malignant nephrosclerosis should not be looked upon as 
merely a progression of benign nephrosclerosis, but rather as a distinct and separate 
disease. It may occur alone or as a terminal complication of the benign disease. 
In the very early stages, when only the cardiovascular signs and symptoms are 
present, it may be impossible not only to say whether one is dealing with an early 
case of benign or malignant nephrosclerosis, but also it may be equally impossible to 
predict into which of these diseases the case will ultimately fall. As the disease 
progresses, the renal component becomes more and more conspicuous, and in the late 
stages it may be impossible to differentiate this disease from chronic glomerulo- 
neplnitis. The etiologj’’ of benign and malignant nephrosclerosis has probably much 
in common, for one sees cases of chronic lead poisoning, pituitary basophilism, 
toxemias of pregnancy, and so on, which on the one hand may show benign nephro- 
sclerosis and on the other, the much less frequent malignant disease. The course and 
prognosis depend not alone on the quality and quantity of the exciting agent but 
also in the manner in which the vessel wall responds. If the response is of a 
simple degenerative nature, the disease progresses slowly, the prognosis is good, 
and such cases are classed as benign nephrosclerosis. If the vascular response is 
characterized by inflammatory changes of the intima, necrosis, and hemorrhage, the 
course is more rapid, the prognosis is poor, and such cases are classed as malignant 
nephrosclerosis. 

Brown, Samuel, and Alexander, Benjamin: Duroziez’s Sign in Normal Subjects 
and in Patients With Arterial Hypertension With Special Keference; to Its 
Eelation to Capillary Pulsation and the Forward Flow of Blood Diu'ing Diastole. 
J. Clin. Investigation 14: 285, 1935. 

The purpose of this investigation was to study in health and vascular disease the 
incidence of Duroziez’s sign artificially produced by immersing the arm in water 
at 114° P. ; to correlate this sign with other peripheral vascular signs such as 
capillary pulsation, blood pressure, and pulse pressure; to evaluate Duroziez’s sign 
as an index of the dilatability of the peripheral vascular bed. 

In sixty-three subjects with no evidence of cardiovascular disease, the incidence 
of Duroziez ’s sign decreased with advancing years. This indicates a progressive 
inability of the periifiieral minute vessels to dilate sufidciently as age advances to 
piovide the increased diastolic forward flow of blood necessary to produce the sign. 
The incidence of the sign was studied in forty-one subjects with clinical hyper- 
tension. Compared to normal subjects of similar age groups, the incidence was in 
general lower, particularly with advancing age. This is in accord with the theory that 
arteriosclerosis is associated with arterial hypertension. 

Snlijects with udde pulse pressures generally showed a low incidence of Duroziez’s 
sign of the peripheral type. This probably is due to the general coexistence of 
arterial and arteriosclerosis. 
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Capillary pulsation was studied both immediately before and after immersion of 
the arm in water at 114° F. Of sixty-one subjects with no evidence of vascular 
disease, 31 per cent exhibited it spontaneously. Of forty-one subjects with clinical 
hypertension, 54 per cent showed a spontaneous capillary pulsation. There was no 
apparent relation to age. 

Capillary pulsation was particularly evident in subjects with wide pulse pressures. 
The greater incidence of spontaneous capillary pulsation in the hypertensive group 
was probably due to the greater pulse pressure generally seen in this disease. 

The height of diastolic blood pressure seemed in no way to influence the incidence 
of spontaneous capillary pulsation except so far as the height of diastolic pressure 
affected the magnitude of pulse pressure. 

Capillary pulsation after immersion at 114° F. was present in every case. The 
ages of the subjects ranged from twenty to seventy-three years. Capillary pulsa- 
tion, since it was always present in the heated skin, regardless of age, cannot be 
used as a qualitative test of the condition of the peripheral arterioles. 

Duroziez’s sign produced in the manner described may be used to throw light 
on the geenral condition of the peripheral arterioles. According to these findings, 
any person under the age of thirty-five who fails to show a Duroziez’s sign after 
immersion of the arm in water at 114° F. digresses from the physiological norm in 
that his functional peripheral vascular bed is relatively fixed. 

Bierring, Walter L., Bone, H. C., and Lockhart, M. L.: Use of the Electrosteth- 

ograph for Recording Heart Sounds. J. A. M. A. 104: 628, 1935. 

The electrostethograph was designed and built by one of the authors. The prin- 
ciple of construction is described briefly in the article. Records of heart sounds are 
reproduced, illustrating the various auditory phenomena which may be heard, both 
murmurs and changes in sounds. The instrument offers a satisfactory method of 
photographing heart sounds and appears to liave certain advantages over other types 
of recording devices. The photographic record of lieart sounds is of distinct aid 
as a supplement to auscultatory observation as well as providing a permanent 
graphic record. 

McEwen, Currier: Csrtologic Studies on Rheumatic Fever. II. Cells of Rheumatic 

Exudates. J. Clin. Investigation 14: 190, 1935. 

The amount, character, and cellular content of exudates from patients with 
rheumatic fever were studied in relation to certain clinical aspects of the disease and 
were compared with those of nonrheumatic exudates. 

There was no obvious correlation between the amount of synovial fluid and the 
severity of arthritis; the number of cells per cubic millimeter ranged between 800 
and 47,000, and the total number contained in the exudates tended to vary directly 
with the stage and severity of arthritis; the differential formula appeared to bear 
some direct relationship to the stage of arthritis and the age of the patient. Supra- 
vital stains revealed no cells similar to those previously described in rheumatic 
granulomas. Early there was a predominance of polymorphonuclear neutrophiles, 
mth a few monocytes and undifferentiated young connective tissue cells; later there 
were numerous clasmatocytes containing debris and degenerating cells. Rheumatic 
pleural and pericardial exudates contained cells similar to those of the joints but 
with the addition of a few mesothelial elements. Because nonrheumatic exudates 
were similar in microscopical content, no specific character could ' be assigned to 
exudates in rheumatic fever. 
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Hitzig, William M., King, Trederick H., and rishkerg, Artliur M.: Circulation 

Time in Failure of the Left Side of the Heart. Arch. Int. Med. 55: 112, 1935. 

In isolated failure of the left side of the heart, the arm-to-tongue circulation time 
is almost always prolonged, sometimes to three times the normal value. This circula- 
tion time was measured by the injection of glusidc described by the authors. On the 
other hand, the arm-to-lung circulation time measured by a method described by one 
of the authors may be normal in failure of the left side of the heart despite markedly 
prolonged ann-to-tongue circulation time. This shows that the prolongation of the 
arm-to-tongue circulation time in these cases is due to slowing of the pulmonary 
blood flow down stream to the arterial capillaries of the lung. The prolongation of 
the arm-to-tongue circulation time does not always parallel the severity of the other 
symptoms of failure of the left side of the heart. In exceptional cases, the arm-to- 
tongue circulation time is within normal limits despite severe symptoms of failure 
of the left side of the heart. 

The circulation time in failure of the left side of the heart with normal rliytlun 
may be shortened by digitalization, furnislving further objective evidence of the 
utility of digitalis in many patients with this circulation disturbance. The systemic 
venous pressure is normal in isolated failure of the left side of the heart. 

Nuzum, Franklin E., and Elliot, Albert H.: Transverse Diameter of the Heart in 

Patients With Hypertension, With Clinical Measurements Checked by Post- 
mortem Studies. Arch. Int. Med. 55: 293, 1935. 

The ratio of the transverse cardiac diameter to the internal diameter of the chest 
(Danzer ratio), as determined by orthodiagraphy, was compared with the predicted 
normal cardiac diameters of Hodges and Eyster in 175 persons without heart dis- 
ease pre\uously reported on and in 79 persons ■with arterial hypertension. 

A direct correlation was found between the cardiothoracic ratio and the body 
weight in persons both with and without potential cardiac enlargement, such that 
tliin persons tended to have transvei’se cardiac diameters less than one-half the 
internal diameter of the chest and obese persons had cardiac diameters greater than 
this by more than the experimental error of the determination. 

The predicted diameters of Hodges and Eyster, while approaching more closely 
the actual diameters found in persons without cardiac enlargement, failed to dis- 
close the presence of left ventricular enlargement in obese persons, but were a 
satisfactory guide in normal or underweight subjects. It is suggested that this is 
not the fault of the standard per se, but is due to the failure of left ventricular 
enlargement, tlmough mechanical causes, to manifest itself by a detectable increase 
in the transverse diameter of the heart in obesity. 

Both methods failed to demonstrate enlargement in 20.2 per cent ±8.5 of seventy- 
nine persons who presumably had cardiac hj-pertrophy. 

A comparison of the incidence of cardiac enlargement, as defined by these stand- 
ards, with the occurrence of left axis deviation in the electrocardiogram showed that 
the correlation is too indefinite to be of value in judging the relative efficacy of 
such measurements proposed for the detection of cardiac enlargement 
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KlINIK DER ErKEAUKUNGEN DES HERZJtnSKELS. X Fortbiedung-Lehrgang in Bad- 
Nauheim. September 20-23, 1934. Edited by the Union of Bad-Naulieim Pliysi- 
cians. Theodor Steinkopif, Dresden and Leipzig, 1934, 

This volume of 170 pages includes 16 lectures delivered in the annual Extension 
Course to Physicians given at Bad-Nauheini in the subject of cardiovascular dis- 
eases. The topic chosen for tlie present course is that relating to various aspects of 
the myocardium and its diseases. The contributions have been made by well-known 
students of the subjects and merit careful consideration and study. 

L. A. C. 

Illustrative Electrocardiography. By the late Joseph H. Bainton, M.D., Attend- 
ing Physician and Chief of the Cardiac Clinic, Morrisania City Hospital, and by 
Julius Burstein, M.D., Associate Electrocardiographer, Morrisania City Hospital, 
New York, N. Y. 258 pages, 100 plates. The D. Appleton-Centuiy Co., New York 
and London, 1935. 

The authors state that this book was planned specifically for tlie general practi- 
tioner. The text, for the most part, consists of legends for the illustrations. Each 
new subject, however, is introduced by a brief explanatory discussion to orient tlie 
uninitiated reader and prepare him to study the illustrations. The 155 electro- 
cardiograms presented in the 100 plates have been clearly marked and arranged "in 
a graded sequence from normal to abnormal and from simple to more complicated 
phenomena." Nearly all the illustrations have been judiciously selected. 

This book, in the opinion of the reviewer, offers to the general practitioner and 
to the casual practitioner of electrocardiography, the least painful approacli to the 
subject thus far available. The proportion between text and illustrations is such as 
to avoid discouraging the not too enthusiastic seeker after knowledge, who nevertlie- 
less wishes to know something about electrocardiography. If he studies each illustra- 
tion until he understands it and learns to recognize the significant features without 
referring to the text (not a difficult procedure and at least as interesting as solitaire), 
he cannot fail to emerge with a reasonable knowledge of the subject. This book is 
the one to be recommended to those who ask what they should read to learn some- 
thing about electrocardiography. C C TV 

Les Neitioses Tachycardiques. By Dr. L, Gallavardin and Dr. A. Tourniaire. 
Masson & Cie., Paris, 1935, 122 pages with 24 illustrations. 

In this monograph Dr. Gallavardin and Dr. Tourniaire discuss the condition known 
as irritable heart, effort sjTidrome, or neurocirculatory asthenia, which they consider 
to have as its most outstanding feature an instable, rapid heart rate. They point out 
that although the symptoms are cardiac, the heart is essentially normal and signs 
of cardiac failure never appear, and they repeat that the fundamental trouble is a 
constitutional hyperexcitability of the sympathetic nervous system. They stress the 
uselessness of drugs and the importance of graded exercise and reeducation in the 
treatment of this condition. In addition to their own observations and impressions, 
the authors present a survey of the literature and an extensive bibliography. 


E. H. 
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Digiglusin, Lilly 

In the preparation of Digiglusin, 
the variahility of the native digi- 
talis drug has been overcome, 
elimination of uncertainty of 
action secured, and full thera- 
peutic results assured -whenever 
the heart is capable of responding 
to the digitalis principle. 

Standardized by the official 
U.S.P. method, Digiglusin is sup- 
plied as Liquid Digiglusin, and in 
the form of tablets and ampoules. 
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Assures Dependable Digitalis Therapy 

i- 

Prepared from selected leaf — blended to insure uniformity. 

Carefully assayed by the Hatcher-Brody Cat Method and clinic- 
ally tested. S^xj'ears Therapeutic use demonstrates a preparation oj 

UNIFORM POTENCY • STABILITY • ACTIVITY • ACCURACY OF DOSAGE 

The uniform results obtained by the use of Whole Leaf 
Digitalis Tablets (Lederle) are in a large measure due 
to the careful blending of several different lots of the 
leaf. When lo per cent of the current stock has been 
used, a similar amount of a new lot of carefully selec- 
ted leaf is incorporated into the mixture. This is the 
method, developed by the Cardiac Clinics of Greater 
New York, and has been followed by the Lederle Lab- 
oratories throughout the period in which Whole Leaf 
Digitalis Tablets have been prepared for general use. 

DiglilaHs Tablets* 

WHOLELEAF 

are supplied in the following dosage: 

H cat unit, .048 gram ( M grain ) per tablet 
I cat unit, .096 gram (iK grains) per tablet 
X cat units, .i^i. gram ( 3 grains) per tablet . 

Five amber tubes of xo tablets each per package. 

'•The word "Lcdcrlc” is cograved on each Whole I-caf 
Digitalis Tablet supplied by the Lederle Laboratories, 

LEDERLE LABORATORIES Inc. 

511 Fifth AvenuC/ New York 




